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ABSTRACT 
 

 The Formative Period is a time of major social transformation in the Maya Lowlands.  

Social complexity begins to emerge for the first time during the late Early Formative and Middle 

Formative Periods, and continue to progress throughout the Late Formative until the onset of the 

Classic Period.  Yet the ceramics of the period appear to be well-made stylistically from the onset 

around 900 BC in the area and appear to change only subtly throughout the period.  This does not 

appear to follow the trajectory of the ongoing social transformations; one would expect craft 

specialization to emerge alongside increasing social complexity.  These changes in the ceramics 

would reflect a changing mode of production that could be manifested archaeologically by 

increasing standardization and the development of ceramic recipes. 

 Yet these changes may not be visible stylistically, particularly in the absence of rapid 

change.  Potting is one of the most conservative crafts and many factors can encourage or impede 

stylistic change.  In the absence of such changes, petrographic studies may be of more use in 

detecting these hypothesized changes in the mode of production.  The results of such analyses can 

be compared through time to detect the emergence of craft specialization. 

This study conducts such a petrographic analysis at the secondary site of San Estevan in Northern 

Belize.  While the pilot study cannot definitively answer the question of craft specialization due to 

its small sample size, the results do seem to indicate that craft specialization does develop through 

the Formative Period, although not as strongly as one may suspect.  It also raises a number of new 

issues for further research that could greatly add to our understanding of the Formative Period in 

the Maya Lowlands. 
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INTRODUCTION 
 

Archaeology is by nature an interdisciplinary science.  Traditionally regarded as a "soft" 

science by those involved in physical sciences such as biology, chemistry, and physics, the trend 

of archaeology has for some time now been headed toward a much closer relationship with the 

physical sciences.  The potential benefits of using these sciences to enlighten aspects of 

archaeology, especially in materials analyses such as ceramic studies, have become increasingly 

important in the last half-century.  Historically, the use of chemical and mineralogical analysis in 

pottery studies have been used to aid in provenance studies and characterization/classification 

efforts.  While these types of efforts have their value, the focus lately has been on that of using the 

technological data to interpret the choices made by the ancient potter and use those interpretations 

to identify socio-cultural factors of the culture in question – a concept known as “technological 

choice.”  As Anna Shepard (1936) writes,  

There are two ultimate aims in the interpretation of technological data.  The first is to trace the 
history of the potter’s craft, the second is to recover more accurately and in greater detail than is 
possible by other methods, the evidence which pottery preserves of cultural development, contacts 
and influences. 
 

 The study of technological choice, unlike that of provenance determination which treats 

ceramics as tokens of trade and exchange, deals with the choices of ancient potters directly 

embedded within broader socio-cultural and natural environments (Whitbread, 2001: 456). The 

concept of technological choice is based on the ideas of technological style as put forward by 

Lechtman (1977) and that of the chaîne opératoire, developed by Lemonnier (1986) and other 

authors, most notably Sillar and Tite (2000).  The chaîne opératoire, or “operational sequence,” is 

more than just the process by which an artifact is made; it is arguably the life cycle of the artifact, 

including the production, distribution, use and re-use, and deposition into the archaeological 

record.  Technological style is the idea that style is inherent even in technology; for different 
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cultures have different technologies, even different forms of the same technology, despite the 

possibility that they may be aware of other, more efficient or more productive forms of that 

technology.  Furthermore, there are countless different ways to achieve the same end result, and 

each choice made in the process of making an artifact has a reason behind it, conscious or not.  

The discovery of what these choices were and the reasons behind these choices can reveal things 

about the culture, society and beliefs of the artisan who made the artifact; this is the essence of 

technological choice. 

 Uncovering the possible reasons for particular technological choice involves a holistic 

interpretation, with the need to integrate countless other factors within the larger socio-cultural and 

environmental factors.  But before interpretation of choices can begin, it is necessary to uncover 

what the chaîne opératoire of that artifact was.  Here, physical sciences can be of immense aid to 

the archaeologist.  One particularly valuable technique is ceramic petrography.  Ceramic 

petrographical studies involve examining a 30-micron thin section of a sherd, analyzed under a 

high-powered microscope that uses transmitted light.  The microscope allows an archaeologist to 

view parts of the ceramics not visible to the naked eye, such as the type of minerals and other 

inclusions, the size and consistency of those inclusions, and the orientation of particles within the 

clay matrix itself, among other things. Through the analysis of the ceramics on a microscopic 

level, an archaeologist can explore the chaîne opératoire of a ceramic vessel and, in turn, the 

technological choices made by the ancient potter.  These can then be interpreted to make 

observations and hypotheses about the larger scale social and cultural factors. 

One of these social and cultural factors that can be explored is craft specialization.  The 

technological choices made in the production of pottery can be traced through time to see if signs 

of factors indicating the presence of ceramic craft specialization, such as standardization, skill and 
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efficiency, rise through time alongside the trajectory of other social changes.  In this study, I will 

use petrography to examine the development of these factors and investigate the possible rise of 

craft specialization in northern Belize during the Maya Formative Period, an area where the 

development and presence of craft specialization is still undetermined. 

 

Developments in Formative Period Northern Belize 

While petrographical and other mineralogical/chemical studies are relatively commonplace 

in archaeology, very few such types of studies are done in lowland areas of the Yucatan Peninsula, 

particularly during the Formative Period.  The development of this area is crucial to understanding 

the development of the Maya culture and of Mesoamerica in general, as this area shows a unique 

developmental trajectory in Mesoamerica.  While other areas (particularly the Gulf Coast region 

and the Soconusco region of southern Chiapas, but also in the Valley of Oaxaca and the Basin of 

Mexico) began developing social complexity and relatively advanced technology and art 

beginning around 1200 BC, Northern Belize was still using an Archaic adaptation of small-scale 

villages and stone tools.  In fact, this region did not begin producing ceramics until the Swasey 

phase around 900 BC, well into the peak of the Olmec culture around the Gulf Coast region (see, 

for example, Diehl 2004).  This adaptation seemed widespread throughout the lowland Yucatan 

peninsula at this time; yet it was precisely this region that developed one of the most politically 

and socially complex societies in the New World.   

Northern Belize in particular was home to one of the most interesting phases of 

development in archaeology during the Middle and Late Formative Periods.  The beginning of the 

Middle Formative (c. 900 BC – 600 BC) saw relatively small agricultural villages where the 

largest structures were probably large huts. Inter-site differentiation was largely non-existent and  
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Figure 1 - Map of Northern Belize with sites mentioned in this text.  After Kosakowsky 1987. 
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social stratification had not yet begun to fully develop.  However, throughout the course of the 

Middle and Late (600 BC – 200 AD) Formative Periods, social complexity began to arise, 

evidenced in the material record by differentiation in grave goods and residential structures, the 

rise of monumental architecture, defensive structures, the expansion of current sites and the 

founding of new ones, and elite ancestor worship and possibly even kingship. 

However, one inconsistency that has vexed ceramicists working in this area is that the 

ceramics appear to be relatively unchanging during this period, at least stylistically, since their 

introduction into the Lowland area around 900 BC.  This phenomenon has clear implications for 

our understanding of the development of the lowland Maya.  Northern Belize is an excellent 

location to study the development of the Maya during the latter half of the Formative Period, as 

there are a number of sites dating to this time that are well documented in this area, such as 

Cuello, K’axob, Cerros, and Colha. 

The question then presented to archaeologists is why do the ceramics of the Formative 

Period in Northern Belize show little stylistic change in the face of such overwhelming social 

transformation?  Unfortunately, a lack of stylistic change does not necessarily mean a lack of 

change in general, as style can be a poor indicator of social change in some cases; stylistic choices 

such as vessel shape or topical surface decoration can be changed fairly easily without affecting 

the overall process of production, and except in cases such as changes in religious iconography, 

may not be indicative of large-scale social transformation. Likewise, they may remain the same 

because of cultural conservatism even if larger and slower social changes are occurring. In the 

absence of such rapid stylistic change, better indicators of possible social transformation would be 

in technological production steps like clay selection and preparation, vessel formation, and firing. 

Yet these are things that cannot for the large part be seen without the aid of instruments like the 
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microscope.  Petrography is useful in archaeology in that it can be utilized to discover these latter 

markers of social change; however, it is not always integrated into studies as fully as it should be.  

 

The Site of San Estevan and the Investigation of Craft Specialization 

 San Estevan, a site located in the center of Northern Belize along the New River, is an 

ideal location to conduct such a study.  Little work has been done on this site, but what work has 

been done suggests extensive occupation throughout the Formative Period and continuing well 

into the Late Classic Period - providing an excellent opportunity to add to our understanding of the 

development of Classic Maya civilization in Northern Belize. 

 During the 2005 field season, I secured several dozen ceramic sherds from San Estevan 

from a stratigraphically secure deposit found underneath an intact plaster floor in an excavation 

unit.  Twenty of these sherds were selected based on variation in stratigraphic location (indicating 

temporal variation) and stylistic attributes to be made into thin sections and studied under a 

polarizing microscope.  Four clay samples were also selected from the area surrounding the site 

and fired at different temperatures for comparative purposes.  In addition, one rock sample of local 

limestone was also taken for comparative geological purposes. 

While this sample size is too small to form definitive conclusions with, it can be used to 

form supporting evidence and preliminary analyses, as well as generating new hypotheses and 

designs for future studies of this kind.  Even only twenty samples can help answer questions about 

the ceramic mode of production during the Middle and Late Formative Period.  The main 

questions I intend to address in this study have to do with what type of changes, if any, may have 

occurred in these production modes. Did the technology used and the procedure for producing 

ceramic vessels at San Estevan change, and if so, what caused these changes? Was it the larger-
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scale social transformations going on simultaneously? And do these changes, if they occur (or 

don’t occur), agree with what we believe should occur in the presence of increasing social 

stratification and complexity?  

The assumption is that with increasing social differentiation, craft specialization would 

also begin to develop – a model developed and expanded by several authors, most notably Rice 

(1981) and Costin (1991).  The best indicator of such a development would be the discovery of a 

ceramic production locale or complex; however, to date not one has definitively been discovered 

in the Maya Lowlands until the Late Classic Period.  In the absence of such evidence, secondary 

indicators must be used.  Luckily, petrography is an excellent tool that can be used to uncover 

these signs of craft specialization.  These signs would manifest themselves in a gradual switch to 

more efficient and uniform methods of production – in other words, to technological choices that 

resulted in more standardization of vessels.  Likewise, in an egalitarian and decentralized society, 

such as the Lowland Maya during the earlier Formative Period, would show a level of craft 

production more indicative of their society – egalitarian, low-intensity, and lacking all the 

indicators of the presence of craft specialization.   

Yet we still must test these assumptions. If ceramics continued to be produced 

predominantly on a household level throughout the Late Formative at San Estevan, it would have 

interesting implications for a society that was apparently moving toward greater urbanization and 

politicization, and would mean that either our models for social change need to be more flexible, 

or our indicators for detecting such changes are flawed.  But ultimately the goal of any study in 

archaeology is to answer questions about the human agency that is reflected in the archaeological 

record, which is precisely what this study intends to do. 
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THE MAYA FORMATIVE: DEVELOPMENTS  
IN NORTHERN BELIZE 

Before investigating ceramic craft specialization alongside the rise in social complexity, it 

is necessary to review the developments that occurred during the Formative Period in this area.  

The earliest documented site in Northern Belize is Cuello (Hammond 1991), located a short 

distance off the New River to the southwest of San Estevan.  However, as the Formative Period 

progressed, the population grew and the number of sites increased.  Other important sites 

throughout Northern Belize during this period included Cerros (Robertson & Friedel, 1986, 

Friedel 1991), located on Chetumal Bay to the north of San Estevan, between the New River and 

Freshwater Creek drainage systems; Colha (Hester et al. 1994) further to the southeast, in the 

center of a large chert-bearing zone; and Lamanai (Pendergast 1981), south of San Estevan along 

the New River.  Archaeologically, this increasing social complexity is visible through change in 

five categories: residential architecture, agricultural intensification, trade, burial practices, and 

monumental architecture. 

 

Residential Architecture  

 Early residential architecture consisted of single family dwellings built on ground level and 

constructed of wattle-and-daub perishable materials (Flannery 1976, Willey 1977, Hammond 

1991, Coe 1998).  While these simple dwellings continued through time, eventually some 

residential buildings developed into fairly complex structures within 400-500 years.  These more 

complex buildings included raised platforms and multifamily dwelling complexes arranged around 

a central plaza.  These changes in building gropus probably represent a consolidation of large kin 

groups.  The importance of kinship in ancient Maya society is well attested to in Classic Period 

hieroglyphs and ethnohistorical accounts, as well as through the work of McAnany (1991, 1995).  
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The different platform sizes also attest to emerging social stratification and probably social 

competition, which is accompanied by an expansion of the production base and material 

differentiation of burial goods (discussed below).  

 

Agricultural Intensification 

 The agricultural subsistence of the Maya was based throughout time on the Mesoamerican 

triumvirate of maize, beans and squash.  This was supplemented early on by hunting, aquatic 

resources, and domesticated dog; however, these fell in importance as population and 

intensification practices in agriculture grew.  These intensification practices included shortening 

the fallow times of fields and keeping land in production longer, as evidenced by the 

macrobotanical remains at Cuello (Miksicek 1991). 

 Beyond the shortening of fallow times, evidence of wet-field agricultural construction 

projects occur at Cerros, where canals and channelized fields were created along the edges of 

swamps (Cliff & Crane 1989), and at Pulltrouser Swamp, a tributary swamp from the New River 

near San Estevan, where raised fields were constructed in the Late Formative (Fry 1983).  These 

constructions provided more agriculture to support a growing population but at the expense of 

more labor and organization, showing an additional growth in social stratification. 

 

 Trade 

 Maya trade goods and networks saw an expansion at this time, particularly during the Late 

Formative.  This phenomenon is most clearly manifested in the trade of Colha chert (Shafer & 

Hester 1991; Hester et al. 1994).  Stone tools made of this high quality chert surrounding the site 

of Colha is found at sites throughout Northern Belize and attests to a specialized tool production 
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and trade centered at Colha.  Specialized chert workshops appeared at Colha in the Late Formative 

(Shafer & Hester 1983) and also provide evidence for the development of craft specialization in 

non-ceramic crafts. 

 This increase in trade offered an opportunity for some families or individuals to become 

more powerful in competition and wealthy through gaining control of the access to these trade 

items or perhaps the trade routes themselves.  It could possibly manifest itself in the Formative 

ceramics through an increase in imported ceramics or temper from non-local sources – although 

this could be potentially difficult to detect given the relatively uniform geology of the lowland 

Yucatan. 

 

Burial Practices 

 Due to the post-depositional longevity of burials in the archeological record, as well as the 

high emphasis many cultures place on the afterlife, burials are a crucial key to recognizing and 

understanding the processes of social differentiation. Different quality and quantities of material 

goods deposited in burials can indicate the social status of that particular individual during their 

lifetime, and increasing differentiation of these goods between individual burials usually indicates 

increasing social stratification in life.  This can also often be seen in differentiation in tomb 

construction – both of which are present in Late Formative burials.  

 During the Middle Formative, most burials at thoroughly excavated sites consisted of 

family groupings under the floor of houses in simple graves with few accompanying items.  This 

practice is well-documented at Cuello (Robin & Hammond 1991) as well as K’axob, a small site 

on the southern arm of Pulltrouser Swamp near San Estevan (McAnany 1997).   By the end of the 

Formative Period, some burials at Cuello were interred with walled crypts line with stone and 
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covered by a capstone.  One burial was found of two males interred under a courtyard 

accompanied with rich grave goods and the disarticulated remains of numerous other individuals.  

There were also indications of elite symbolism on the burial. 

 One expectation regarding ceramics and following the changes in burial practices is that 

particular vessel forms of wares could become associated with burials and the afterlife.  It could 

also manifest itself in changes in the fabric, mineral composition, firing techniques, and other 

production methods.  However, none of the vessels used in this study came from a burial context, 

and as a result, this is not something that can be addressed in this study. 

 

Monumental Architecture  

 The rise of monumental architecture is one of the most famous and noticeable changes 

during the Late Formative Period, and also perhaps the most indicative of a complex society.  In 

addition to the increases in size and complexity found in residential architecture, the Late 

Formative saw the rise of large pyramidal structures at sites such as Lamanai (Pendergast 1981), 

Cuello, (Freidel 1986), Nohmul (Hammond 1985) and Cerros (Friedel 1986). Many of these 

structures had stucco masks carved into the faces of the buildings.  At Cerros, five such structures 

were built, and one pyramid had four large plaster masks sculpted onto the exterior panels. Friedel 

& Schele (1988) have suggested that these masks (along with other material evidence) are the very 

beginnings of kingship in the Maya world, a feature normally distinguishing the Classic Period.  It 

may have arisen at Cerros because of its wealth as a trading center at the head of the New River; 

power accrued with certain individuals or lineage groups and became manifest in kingship 

symbolism on stucco masks and ritual cache items depicting kingly motifs.  These lineage groups 
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eventually rose to the status of “royalty” through their ability to connect themselves to a venerated 

ancestor (McAnany 1995).  

 

THE CERAMICS OF NORTHERN BELIZE DURING 
THE FORMATIVE PERIOD 

 The ceramic phases of the Formative Period differ slightly from site to site, but overall 

they show remarkable homogeneity and can be separated into three main spheres (Pring 1977, 

Kosakowsky 1987, Lopez Varela 1996). The earliest ceramic complex, known as the Swasey 

complex, represents the early Middle Formative Period and begins around 900 BC.1 It develops 

continuously into the Bladen phase, which begins around 750 BC or so and ends at 600 BC.  The 

Bladen phase represents part of the Middle Formative, but is often lumped together with the 

Swasey phase due to its stylistic continuity.  Its existence was defined by Kosakowsky (1987) at 

Cuello, and remains very well-studied really only at that site. 

 The Swasey/Bladen phase is replaced by the Mamom sphere at 600 BC and represents the 

latter part of the Middle Formative and links that with the early Late Formative Period.  It ends 

around 400 or 350 BC and is replaced by the Late Formative Chicanel sphere, which spans the 

remainder of the Formative Period until the beginning of the Classic Period at 200 AD.2  These  

                                                 
1 Although Kosakowsky (1987) and Hammond (1991) originally placed the beginning of the Swasey phase at the very 
early date of 2100 BC based on radiocarbon dates from a Swasey phase deposit at Cuello, this date has proven 
problematic for many scholars, as the well-made ceramics from this phase would have predated any other ceramics in 
the area by over 1200 years.  As such, Andrews (1990) reassessed the early date and pointed out problems with the 
radiocarbon sampling, moving the early date to between 900 BC and 800 BC.   
2 A very Late Formative complex called the Floral Park-Freshwater complex was defined by Gifford (1976) at Barton 
Ramie.  It represented a break from previous ceramic complexes and was also found at some other sites across the 
Maya Lowlands, including large deposits found at Nohmul.  It also gave rise to the labeling of a new subdivision of 
the very late Formative Period called the “Protoclassic,” spanning the last 200 years of the Late Formative. This 
terminology is not used in this study, mainly because Protoclassic ceramics are not known at San Estevan, K’axob, 
Cerros, Cuello, or most of the other sites mentioned in this study.  For a fuller discussion on the Protoclassic, see 
Brady et al (1998) and Pring (2000). 
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ceramic phases are linked stylistically by common types and varieties at different sites throughout 

Northern Belize with some intra-site variation. 

 Although most of the Maya society was undergoing change and increasing social 

complexity and differentiation during the Middle and Late Formative Periods, the ceramics of 

Northern Belize do not seem to follow this trajectory, at least stylistically.  The ceramics do 

change throughout the three spheres of the Formative Period, albeit very subtly.  The earliest 

forms of pottery during the Swasey/Bladen phase consist of a range of wide- and narrow-mouthed 

jars, narrow-necked bottles, and bowls ranging from the restricted orifice of the tecomate to the 

outcurving and flaring walls of the open forms. These forms suggest a set of domestic storage and 

service uses.  The predominant ware is red- or orange-slipped monochrome ware, with smaller 

representations of unslipped ware, red-and-cream-slipped dichrome ware, and a very small 

representation (<5%) of black-slipped ware.  Fireclouding and differential firing is common, 

particularly in the unslipped wares, which have a smoothed surface, unlike later unslipped wares 

(Kosakowsky 1987, Kosakowsky & Hammond 1991). 

 The Middle Formative Mamom pottery shows continuity from the earlier phase in most 

respects.  However, it differs from the Swasey/Bladen phase in the emphasis of outcurving side-

dishes or plates at the expense of bowl forms.  It also sees the introduction of a “resist” technique 

(Angelini 1998: 15), where a slip-resistant technique is applied over parts of the vessel to prevent 

the adherence of pigment in specified areas (Rye 1981: 43).  This sophisticated surface treatment 

is not present in the Late Formative Chicanel phase.  Finally, the introduction of “platters” of large 

capacity is striking, and may signal a shift in focus to the service of food to larger groups of 

people from a single vessel. 
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 The Chicanel phase ceramics continue to consist of bowls, buckets, spouted jars, and the 

plates and dishes present in the earlier period.  The emphasis on large-capacity serving vessels and 

bowls continues to grow in this period, and many of the vessels are bulkier with thicker walls than 

vessels of earlier times (Angelini 1998: 15). Smaller forms decrease in importance and some 

forms, like the tecomate, cease altogether.  Monochrome red wares still predominate, although 

black- and buff-slipped vessels grow in popularity as well.  Characteristic of this period is a soft, 

waxy-feeling slip that flakes easily and is less glossy than previous periods. A minority of 

unslipped vessels are decorated with incised striations on the surface (Angelini 1998: 15). 

 With the exception of the resist technique which sees its genesis and death in the Mamom 

phase during the Middle and early Late Formative, the stylistic changes are relatively subtle and 

can make dating purely on a stylistic basis difficult. These changes focus mostly on the increase in 

large-capacity serving vessels.  Robertson (1983: 140-142) suggests that the large size of these 

vessels implies usage in large “suprafamily” meals or feasts.  While the expertise needed to 

produce such larger vessels successfully is greater than for small bowls, and standardization also 

increases as well in the Late Formative, this evidence is relatively slight, and does not allow us to 

identify craft specialization in ceramic production – although it does not preclude it either 

(Kosakowsky & Hammond 1991: 175).   Furthermore, the Late Formative Period Chicanel 

ceramics seem to head toward increasing homogeneity throughout sites in Northern Belize (Willey 

1977: 388) until the end of the Late Formative, where there is a divergence of this homogeneity 

and different sites head into the Classic Period in different ways (Kosakowsky 1987: 92, Pring 

2000: 38-39). 

 Petrographic studies have also been conducted at sites in Northern Belize during the 

Middle and Late Formative Periods by Shepard (1939), Jones (1986), and Angelini (1998). These 
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studies have found that multiple production methods have been used throughout the Formative 

Period, although all firings were likely open.  The vast majority of the ceramics from Northern 

Belize were tempered with calcite in a variety of forms, all of which exist in the local limestone 

geology of the Yucatan.  Grog, crushed pottery used as temper, is also used in some samples.  

Volcanic ash is another tempering material found in the Lowland Maya area.  Although used 

heavily by the Maya in sites throughout the Peten, Quintana Roo, and Chiapas, as well as further 

south in Belize at sites like San Jose (Shepard 1939), in Northern Belize ash-tempered ceramics 

are very rarely found (Jones 1986).  No samples with volcanic ash used as temper were found at 

K’axob (Angelini 1998; Bartlett, personal communication). Shepard (1939) found that the use of 

quartz-based clays increased in the Late Formative at San Jose, and the addition of grog as a 

temper continued parallel to the heavy use of calcite-tempered clays; this diversity replaced the 

mostly solitary use of calcite-tempered clays in the Middle Formative.  Jones (1986) saw a similar 

development at Nohmul: grog and calcite were present by the Middle Formative, but quartz clays 

were not exploited until the Late Formative (Angelini 1998: 65). 

 

CRAFT SPECIALIZATION AND MODEL DEVELOPMENT 
 

 Formative Maya pottery does not appear to develop through time based on stylistic 

analysis but is well-developed and well-made from its inception around 900 BC, and appears to 

change only subtly.  It does not seem to follow the trajectory of the rest of the Maya society in 

northern Belize.  However, the assumption is that as complexity and social differentiation emerge 

in a society, the material culture should reflect those changes in some way or another.  In 

ceramics, barring diffusionary phenomena like invasion or migration, this can be seen in stylistic 

change, which may be indicative of a change in group or ethnic identification, a change in political 

 19



or religious values, and so forth; or it can be reflected in a change in the way the product is made, 

which can be an indicator of a shift in the mode of production, or in the demand or focus of the 

ceramics, signifying an even larger social transformation.  Either way, these changes are assumed 

to be reflective of corresponding changes in the social structure.  One such change can be the 

development of craft specialization, and many models have been formulated based on this 

assumption that craft production (visible in the material record) will evolve into specialization 

alongside the emergence of social complexity (Rice 1981, 1984; Costin 1991). 

 

Craft Specialization  

Craft specialization has been defined in many different ways by many different authors; a 

simple definition is that it is essentially the form of organization and relative intensity of the 

production of a craft.  When craft specialization is present, specialized artisans are the primary 

producers and providers of this product.  These artisans may depend partly or entirely on the craft 

for economic survival.  Craft specialization is a comparative measure, and four parameters have 

been put forth by Costin (1991) to measure the relative mode of craft production in a society: 

1) Context – the context refers to the degree of elite sponsorship and the nature of control 
over production and distribution;  
 
2) Concentration – refers to the geographic organization of production facilities and 
whether they are dispersed or nucleated; 
 
3) Scale – scale takes into account both the size of production (individual vs. factory) and 
the principles of labor recruitment (which is reflective of the way craftspeople are brought 
into the production system), and are usually related; and  
 
4) Intensity – refers to how much time and effort is spent in the craft. 

 

These four factors are useful for defining the relative degree of craft specialization, as they can be 

present in different amounts in different societies. Generally, as the relative degree of each one of 
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these parameters increases, the relative degree of craft specialization correspondingly increases, 

and vice versa. These parameters can also be used to formulate the typology of different 

organizations of specialized production, which can be useful for organizing data and exploring for 

the development of craft specialization.  A simple and well-established typology is presented by 

Rice (1987) and is explicitly drawn from similar typologies formulated by van der Leeuw (1977) 

and Peacock (1982).  The four types of organization are:  

 1) Household Production, or the Domestic Mode of Production (DMP) - in this 
 organization, manufacture is occasional and intended primarily for one’s own use; it is 
 modeled toward self sufficiency with little opportunity for intensification (due largely to 
 low demand). 
  
 2) Household Industry – production is still in a dispersed concentration, occurring at 
 households, but it now takes on use and exchange value for other people besides the potter.  
 It is also usually characterized by simple technology and relatively little investment on the 
 part of the artisan. 
  
 3) Individual Workshop Industry – production is in the hands of artisans who have 
 significant capital investment in the enterprise and derive major livelihood from it.  The 
 workshop concentration can conglomerate or stay dispersed, and explicit division of labor 
 may occur. 
  
 4) Nucleated Workshops – craft producing workshops are now in a clustered industrial 
 complex, and pottery manufacture is an important economic activity that occurs year 
 round.  Economic competition is usually high (though this can be affected by elite control).  
 
It is important to note that one organizational mode can be present at the same time in the same 

community, although one form usually predominates as the primary form of production. 

 

Measuring the Degree of Craft Specialization in the Archaeological Record 

 It is the development of craft specialization that is being investigated in this study.  As 

such, it is necessary to determine ways a shift in craft specialization can be defined. Rice (1987: 

191; see also Angelini 1998: 46) lists three ways this shift can be seen:  

 1) as a shift in production locale;  
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 2) an economic shift in the intended user; and/or 

 3) product and production standardization in terms of technical and stylistic means.  

Yet these modes of production can be difficult and sometimes impossible to see archaeologically 

without historical records or evidence of production locales.  Of these, the third factor, product and 

production standardization, is the only one available in the material record.  Perhaps a different 

approach is necessary, and we must use indirect techniques to measure the relative scale and 

intensity of craft specialization (context and concentration are also difficult to measure without the 

location of production locales or historical records).  The relative measures of scale and intensity 

can then be measured in the material record through time to detect for shifts in craft specialization. 

 Costin (1991: 33-43) lists four indirect factors to measure scale and intensity.  They are 

efficiency, skill of production, large numbers of standardized ceramics, and the identification of 

spatially discrete regional variation.  The identification of regional variation requires the study of 

several different sites and is not measurable in this pilot study.  The remaining three factors are 

related: an increase in efficiency, necessary for maintaining profits in a more competitive 

environment, results in similar time-saving technological choices being made for all vessels, and 

therefore results in an increased standardization of vessels. These time-saving methods may be the 

use of more local yet still effective clays, time-saving building techniques such as molding, or 

more accessible/easily processed tempers. Efficiency is linked with skill , as they are both 

important for increased production and profits; as more pots are produced, the skill of the potter 

increases through practice, in turn giving rise to more efficiency in forming and less wasters 

produced.  This also gives rise to more standardization – as the potter becomes more skilled at 

producing particular vessels, the variability present between vessels produced decreases, and slight 

accidental variations between vessels and wares disappears. 
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 So whether we use Rice’s (1987) model, or Costin’s (1991) model, it seems that measuring 

standardization in the ceramic record is the best way to indirectly measure the mode of production 

through time and any shifts in craft specialization, with skill and efficiency as secondary, 

supportive measurements.  Standardization, then, is defined as a reduced variety in behavior and 

technological choices in the product; it can be visible as  

 1) a reduction in the number of forms and standardization of sizes of ceramics, which can 
 be measured through stylistic and classificatory analyses; 
  
 2) homogeneity in surface treatment replacing variability, also measured stylistically; 
 
 3) a reduction in the variability of clays exploited, determined through petrographic 
 analysis; and 
  
 4) changes in manufacturing methods in which paste composition and firing behavior 
 become more uniform (Angelini 1998: 48).  This last category can be measured to some 
 degree using macroscopic and stylistic analysis, but is more accurately determined by 
 petrographic and chemical studies. 
 
Previous stylistic and classificatory studies3 in the region have already determined that the 

evidence for increasing standardization throughout the Formative Period is scant using the first 

two criteria.  But before concluding that craft specialization does not develop, it is necessary to use 

petrography and analyze ceramic material in the context of the third and fourth criteria, with the 

first two considered as supporting evidence. 

One other study conducted in the region has used petrographical and chemical analysis to 

investigate the rise of craft specialization during the Formative Period.  Angelini (1998) used 

petrography, intensive clay sampling, and INAA analysis to investigate the Formative ceramics at 

K’axob, a small site a few kilometers to the west of San Estevan across the New River.  She also 

integrated stylistic analysis into her report for comparison with the ceramics at Cuello, Colha, and 

Cerros.  Angelini concluded in her dissertation that the stylistic studies conducted on the ceramics 

                                                 
3 See “Ceramics,” this paper, page 12, for a discussion on previous studies. 
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of Northern Belize were more or less correct; the results indicated that technology changed very 

little over the 1100 years of the Middle and Late Formative Periods and provided scant evidence 

for standardized production or changes in efficiency, which might be expected if pottery was 

being produced by craft specialists for use beyond the home.  The pottery at K’axob, like at other, 

larger sites, was sophisticated and well-made from the beginning of the Swasey/Bladen phase, 

indicating the presence of local artisans from the time of the earliest pottery production.  However, 

she also concluded that some regional variation did develop in the Late Formative, signifying that 

the residents of small villages like K’axob developed a sense of identity which was linked to the 

place of residence and that these villages apparently functioned self-sufficiently in terms of pottery 

production.   

 

Development of the Model Used in this Study 

 Angelini found high levels of skill present in the creation of Formative Period ceramics, as 

well as increasing levels of efficiency in selecting more local clays for use in the Late Formative.  

Why, then, would some indicators of craft specialization be present but not that of 

standardization? Perhaps the answer lies with a slight problem in the model she used.  Angelini 

used a model very similar to the Rice/Costin model outlined above, which placed a premium on 

standardization (because the other factors, skill and efficiency, are closely related to 

standardization).  

 It is therefore important to remember that while the presence or rise of standardization in 

ceramic complexes is usually a good indicator of craft specialization, it is also possible that 

standardization may not occur with specialization at all, particularly if the mode of production is 

controlled by the elite population.  If production is not driven by marketplace economics, the 
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detectors of efficiency and of general standardization may be downplayed, even if specialized 

artisans are producing a majority of the ceramics.  In addition to this, with the higher level of skill 

that supposedly accompanies a higher intensity of production, a potter may attain such high levels 

of skill that he or she may be able to produce multiple forms using different clays and different 

techniques without decreasing the level of efficiency – again, downplaying the appearance of 

standardization in the material record.  

 However, if this high level of skill existed, the potter would most likely realize that some 

clays and some methods of formation work better than others for particular vessels; in a sense, 

ceramic “recipes” would arise.  The presence of these recipes represents a certain level of 

specialization, as the potter would need to have a level of skill in ceramic production that is likely 

unattainable by the occasional potter.  From this one could hypothesize that if the presence of 

these ceramic recipes was detected in the material record, even if general standardization of vessel 

forms was not, craft specialization would still be present in some degree.  It may not be to the 

level of a nucleated factory, or even a separate workshop area; especially without a potting wheel 

or kiln, both of which the Formative Maya lacked, a potter could still be a specialized artisan 

operating out of his or her own residential dwelling. 

 The specific goals of this pilot study now become clear.  The first goal is to use the same 

Rice/Costin model used in Angelini to examine the ceramics of San Estevan during the Formative 

for signs of standardization, as it is quite possible that standardization exists at different levels in 

different sites, particularly as San Estevan is much larger and arguably more complex socially than 

K’axob.  Assuming that these results support the findings of Angelini’s study, as well as stylistic 

studies conducted by Kosakowsky (1986), Pring (1977), Robertson (1983), and others, the next 
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step would be to search the San Estevan samples for evidence of these ceramic “recipes” in 

materials, production methods, and vessel appearance/function. 

 If either of these are present, I will examine the samples and look for temporal changes to 

check for shifts in the degree of craft specialization.  The ceramics should show an increase in 

either standardization or the presence of ceramic recipes as time approaches the end of the Late 

Formative.  If this change is not evident, even with this pilot study, it may imply that either our 

assumption of increased craft specialization accompanying increased social complexity is wrong, 

or our indirect indicators for determining the presence and the changing of craft specialization 

(such as increasing standardization, efficiency, and skill) are flawed. 

 

GEOLOGICAL AND ARCHAEOLOGICAL BACKGROUND 

 In order to understand the soil and clay resources available to the Maya at San Estevan 

during the Formative Period, and in turn the technological choices which were made during the 

production of ceramics, one must be familiar with the geological history of northern Belize as well 

as the environmental and physical setting surrounding the area.  For the purposes of this study, 

Northern Belize is defined as the part of the country lying north of approximately the latitude of 

Belize City and the southern end of Hillbank Lagoon.  Excluded from this are the far western parts 

of the country along the Guatemalan border west of Blue Creek village and Barton Ramie, which 

are environmentally and possibly culturally more similar to the Peten region in Guatemala 

(Bullard 1965: 7).  

Geological History of Northern Belize  

 Northern Belize is part of a low-lying coastal plain or shelf composed of early Cenozoic 

marine limestone beds that emerged some time during the Oligocene and Miocene epochs (High 
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1975, Johnson 1983: 12).  This plain was covered by alluvial deposits eroded from the Maya 

Mountains, located in a horizontal range across south-central Belize, which were up-lifted some 

time after the Cretaceous. In the later Pleistocene epoch, these alluvial deposits were in the form of 

quartz sands which were reworked by wave activity after being deposited under the seas.  A 

climatic amelioration phase during the Pleistocene resulted in the rise of sea level to the 180 foot 

contour forming a large bay immediately north of the Maya Mountains (Wright et al. 1959: 23-

25). During a cold phase interval of Quaternary glaciation, the sea level fell and the bay receded to 

the 100 foot contour, 50 feet above the modern level of what is now Chetumal Bay. To the south 

and west of this bay, limestone tongues formed as the result of a fault system that runs northeast-

southwest towards the Maya Mountains. This fault system caused a slight upward movement and a 

series of scarps and intervening swampy scales has evolved.  The Hondo and New Rivers, which 

flow north past San Estevan to the west, are flowing in fault-guided valleys (Wright et al. 1959: 

25, Johnson 1983: 16-17). In addition to this further emergence, the fault system also caused a 

slight tilting in a westward and northwestward direction.  Post-emergence erosion continues to 

influence the area today (Johnson 1983: 12).   

 Previous soil studies indicate that the clays and soils of the area formed from the 

underlying parent material which is either siliceous marine limestone or fluvial limestone (King et 

al. 1992: 239). In an earlier study, Wright et al. (1959) suggest that these soils were either formed 

in combination with silica sand and intermittent lime enrichment and include non-flinty and flinty 

solids or were formed under conditions of constant lime enrichment and include a mixture of tuff 

or no tuff.  While a fully comprehensive understanding of the resources available to ancient potters 

requires a knowledge of the clays and their deposition and formation in the study region, such an 

undertaking is beyond the scope of this project. However, other recent studies have attempted to  
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Figure 2 - Geological Map of Northern Belize.  After Jones 1986:13. 
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document this variability in soil and clay distribution (King et al. 1992, Darch 1983, Angelini 

1998, Bartlett et al. 2000). 

 The underlying bedrock geology of northern Belize is comprised of a soft, chalky 

limestone marl known locally as sascab that formed during the Upper Tertiary Oligocene-Pliocene 

or Miocene.  This soft marl is composed almost entirely of pure calcium carbonate, and was used 

by the ancient Maya for road building and construction materials as it is today.  Although several 

different possibilities for the origin of this sascab have been suggested, recent research has 

determined that it has no other origin than that of deep weathering of the underlying limestone 

shelf (Darch & Furley 1983).  Personal investigation has confirmed the existence of sascab 

underlying the soils at San Estevan. 

 Consistent with the geological history of the area, Northern Belize is composed mostly of 

sedimentary carbonate rocks, the most common of which worldwide are limestone and dolomite 

(see Folk 1962). These rocks are comprised mostly of calcite (CaCO3) and dolomite 

(CaMg(CO3)2), which will be discussed in more detail below.  Quartz, a mineral common in most 

parts of the world, is also present in Belize.  Quartz is evident in the clays around Pulltrouser 

Swamp and San Estevan, but these quartz-rich clays are in higher abundance in the areas running 

north and south west of the Northern Highway which is southeast of San Estevan.  This area is 

also the site of the chert-bearing zone in Northern Belize.  Chert is a siliceous sedimentary rock 

that formed the basis for the tool-making industry at Colha beginning in the Formative Period.  

The entire area has not been fully mapped but seems to extend to the south from the village of 

Progresso encompassing the archaeological site of Colha and the site of Altun Ha (King et al. 

1992).  
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The Physical Setting and Environment of Northern Belize and San Estevan 

 The land around San Estevan and throughout much of northern Belize is low-lying, with 

the maximum elevations being less than 200 feet above sea level (Bullard 1965: 7).  The 

topography is flat to slightly rolling.  Bajos, or shallow basin depressions that hold water in the 

rainy season, abound in northern Belize, creating extensive areas of swampland.  The climate is 

tropical, with distinct wet (May to October) and dry (November to April) seasons.  The relatively 

shallow topsoils support a deciduous seasonal forest which is similar in composition to that of 

central and southern Belize and the Peten region of Guatemala, but because of the drier climate, 

the trees tend to be lower: 50 to 70 feet as opposed to 70 to 100 feet (Bullard 1965: 7).  

 The lowland swampy areas as well as the tectonic fault line discussed above have created a 

series of surface drainage systems, the most important of which are the Hondo River, the New 

River, and Freshwater Creek.  The New River, adjacent to San Estevan, is not prone to frequent or 

excessive flooding because of the buffering effect created by a subsurface groundwater reservoir, 

which acts as a sink for excessive rainfall. A peculiarity of the New River is its almost 

imperceptible flow – “floating on the river is like being on a long, narrow lake rather than on a 

river” (Johnson 1983: 18).  Low velocities are often associated with river systems dominated by 

groundwater flow and with the extremely low gradient that is characteristic of the river (Johnson 

1983: 18).  This low gradient and sluggish flow has led to salt water from the Bay of Chetumal 

sometimes working up the New River as far as Hillbank Lagoon, more than 75 miles from the sea 

(Bullard 1965: 7).   

 The site core of San Estevan is about one to two kilometers south-southwest of the village 

of San Estevan, and is bracketed by the New River on its west and Long Swamp a few kilometers 

to its east.  Pulltrouser Swamp, on the other side of the New River, is also a major swampy 
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feature.  The site is currently covered in sugar cane fields, which are farmed using milpa-style 

swidden agriculture.  The extent of the site during its height in the Late Classic Period, as mapped 

by Levi (1993, 2002), covers the area between the New River and Long Swamp up to their 

junction and to the area further south. 

 

The Archaeological History of San Estevan 

 The first excavations done at San Estevan were undertaken by Bullard (1965) in 1962.  His 

excavations were limited to one field season; as Bullard explains, his original plan had been to 

initiate a project at Lamanai, but delays and concerns following a late-season hurricane made other 

prospects more appealing.  Bullard’s main goal was to find out how the cultural sequence in 

northern Belize corresponded with that of central Belize and Peten on the one hand, and the 

Yucatan on the other during the Postclassic occupational periods (1965: 12).  To this end, Bullard 

mapped the ceremonial core of the site and conducted excavations on two mounds, Structures I 

and II, to the south and west sides of Plaza A at the southern end of the ceremonial center (Figure 

3).  Structure I revealed three construction phases dating to the Late Classic, the Early Classic, and 

the Late Formative based on ceramic phase dating.  Structure II revealed only two phases, dating 

to the Late Classic and Early Classic/Late Formative Periods. Bullard was surprised at the “feeble 

representation of the Late Classic period” (1965: 59) as well as the lack of any objects assignable 

to the Postclassic Period.  Yet he does remark that he did not “plumb the deepest deposits at the  
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Figure 3 – Site map of  San Estevan core: plan and cross-sections. 

site, [and] it is possible that there are remains even earlier than the presumably Late Formative 

complex” (58).   

 Bullard also distinguished three ceramic phases based on architectural stratigraphy at San 

Estevan: the Vasquez phase, the Barklog phase, and the Trial Farm phase. The Barklog and Trial 

Farm phases showed continuity between each other but a sharp break stylistically from the earlier 

Vasquez phase.  He dated the Barklog to the Early Classic Period and the Trial Farm complex to 

the Late Classic based on stylistic analysis.  However, he had difficulty placing the Vasquez phase 

chronologically.  The Vasquez phase was characterized by monochrome “waxy” ware, a 

predominance of comparatively simple plate forms, low necks on storage jars, and decoration by 

incision in preference to painting.  Based on architectural stratigraphy, he tentatively placed the 
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Vasquez complex within the Chicanel phase at Uaxactun and San Jose I. However, he did have 

some difficulty placing this phase chronologically; he pointed to the presence of a red and cream 

dichrome which gave the Vasquez complex and earlier look and suggested the possibility of 

contemporaneity with Mamon or early Chicanel spheres.  But in the end he favored his first 

interpretation, attributing the difference to geography rather than chronology, saying that the 

Vasquez phase may relate more to the Late Formative Yucatan area.  With the more refined 

ceramic chronology available today, it can be estimated that the Vasquez phase is probably 

contemporary with the Cocos Chicanel complex at Cuello and perhaps the very late aspects of the 

Lopez Mamon complex.  Until more work is done at San Estevan, ceramic regional variation in 

style will keep the exact dating of the Vasquez complex unknown. 

 In 1990, Dr. Laura Levi (1993, 2002) conducted work at the site with a program of 

architectural mapping and surface collecting. Test excavations were also dug to determine the 

site’s architectural construction history. Levi’s work determined the site’s extent, but focused on 

determining settlement patterns in the extensive Late Classic Period occupation (which was not as 

“feeble” as Bullard had originally believed), and little work was done on the earlier levels of 

occupation. 

 In the late 1990’s, a large part of Plaza C was illegally dug up and carted away for road fill.  

The destruction to the site was unfortunate, but it did provide a special opportunity to investigate 

the earlier components to the site, as it destroyed the later components to the site and exposed 

these earlier levels virtually untouched.  However, portions of this plaza directly surrounding 

Structure XV (the largest mound at the site) were missed by the bulldozers, and provided a clear 

profile of the earlier levels of the site.  In 2001, Dr. Robert Rosenswig noticed evidence at San 

Estevan indicating that the site may contain levels of continuous occupation from the Late Archaic 
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to the Middle/Late Formative undiscovered by Bullard and Levi.  Preliminary test pits confirmed 

these indications in 2002 (see Rosenswig 2004).  As a result, Dr. Rosenswig and a team of 

archaeologists and students returned to San Estevan to conduct larger-scale excavations in 2005, 

focusing on areas immediately to the east and south of Structure XV that were not destroyed by 

bulldozing operations.4

Figure 4 - Location of Suboperations and site destruction
 

  

                                                 
4 Full excavation report on the 2005 field season still pending completion
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 Eight excavation suboperations were placed around Structure XV, the tallest structure in 

the ceremonial core area.  Part of the reason for their placement had to do with the proximity of 

the units to the area destroyed by the bulldozer, as it had left a large mound untouched 

immediately to the east of Structure XV and had clearly revealed the stratigraphy.  For the units 

placed near this section, Suboperations 1, 2 and 3, advance stratigraphy was already available, 

giving the excavators some sense of what may lie ahead.  Suboperation 1 unfortunately uncovered 

mostly construction fill that showed evidence of modern intrusion until nearly reaching bedrock.  

However, Suboperations 2 and 3 uncovered a series of occupation layers, evidenced by several 

plaster floors built successively and adjacent to postholes and pit features.   

 Suboperation 8 was placed along an east-west axis into the eastern side of Structure XV.  It 

was aimed at uncovering the architectural stratigraphy and production phases of Structure XV, and 

uncovered several successive building phases, as well as a ritual cache of complete monochrome 

redware vessels dating to the Middle or Late Formative. Suboperation 6, placed to the south of 

Structure XV, also uncovered a limestone plaster floor near to the surface dating to the Late 

Formative, and a series of successive occupation levels below reaching bedrock (and the presumed 

beginning of occupation at the site), without any indication of post-depositional ancient or modern 

intrusion.  As such, this unit represented an area where relative chronological placement could be 

secured. The ceramics selected and used as samples in this study came out of these successive 

deposits sealed underneath the Late Formative plaster floor in Suboperation 6.  No burials were 

found at San Estevan during the 2005 field season. 

 While the full results of the 2005 excavations are not yet available, it is already apparent 

that San Estevan was a moderately large secondary center along the New River, between probably 

larger and more important (at least, more well-known archaeologically) regional sites of Lamanai 
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further south, and Cerros, located near the mouth of the New River on Chetumal Bay.  San 

Estevan may not have been the largest site in the region, but mapping done by Levi (1993, 2002) 

in 1990 and preliminary mapping done by Rosenswig in 2005 suggest that the size and importance 

of San Estevan in Formative Period Belize may have been underestimated in the past.  Much can 

be learned from further excavations at this site. 

 

METHODOLOGY 

 At the conclusion of the 2005 field season at San Estevan, several dozen sherds had been 

excavated from Suboperation 6 (see above) sealed underneath a Late Formative plaster floor 

which was sealed stratigraphically.  The temporal location was therefore fairly secure.  Twenty of 

these sherds were then selected to be made into standard 30-micron thin sections and analyzed 

under an Olympus BX-60 Polarizing Microscope at Yale University.  These ceramic samples were 

selected on the basis of criteria relating to stratigraphic level (time period) and slip or external 

fabric color.  Rim sherds were selected when possible. These sherd colors were separated into 

three groups: red, black, or unslipped.  An attempt was made to select an equal amount of sherds 

of each color from each set of levels to ensure an even sampling of each group for study. 

 Since the unit was excavated using lots within often arbitrary levels, and no dating was 

available at time of publication, some stylistic analysis was done in an attempt to group the sherds 

within their proper time frame, establish a basic chronology of the levels, and make comparative 

analysis easier for future researchers.  I also attempted to make a judgment of the vessel form 

based on the structure of the rim sherd and the extant classification schemes.  This was done in 

part to create more distinction than simply slip or surface color; in addition to this, the form of the 

vessel (which partly reveals its possible function) is also important to consider when searching for 

 36



the presence of ceramic recipes. 

 This stylistic classification was done using Kosakowsky’s typology developed at Cuello 

(1987).  Her typology was based partly on the work done by Pring (1977), which contained a 

comprehensive ceramic typology of known major sites in Northern Belize during the Formative 

Period (including San Estevan, to some extent). However, Kosakowsky’s study builds on Pring’s 

with varieties that Pring did not have samples of, and thus is slightly more comprehensive (in 

addition to being more recent).  

 However, not all samples could be placed in the current Type: Variety typology system 

used by Kosakowsky.  This was either noted as one or two likely styles that were continuous 

between time periods, listed as a “local variant” of an extant variety that is similar but not exact to 

the sherd, or simply noted as “no direct comparison” if there were no existing categories that were 

close to the style of the sherd (See Appendix A).  

 

Comparative Clay and Rock Samples 

 Six distinct clays were sampled from different locations in and around the site of San 

Estevan.  Four of these were fired and also made into thin sections for analysis.5  All four samples 

were fired at 700 degrees Celsius and two were also fired at 900 degrees Celsius.  This allowed me 

to examine firing properties of the clay and mineral inclusions and estimate a rough firing 

temperature of the ceramic samples.  It also provided a better understanding of the local 

mineralogy.6  Clay samples 1 and 3 (CS1 & CS3) were sampled opportunistically from excavation 

units at the site.  CS5 was taken from the bank of the New River two miles to the west of the site 

                                                 
5 See Appendix B for descriptions.  Two of the six samples taken (CS2 and CS4) were not fired because upon further 
inspection they were discovered to be very similar to other clay samples CS1 and CS3, and were probably 
predominantly the same clay.  Firing experimentation would have been redundant on these samples. 
6 However, this sampling was not intended as any kind of sourcing study; for comprehensive clay sourcing studies in 
Northern Belize, see Angelini (1998) and Bartlett et al (2000).   
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core.  CS6 was taken from underneath a marshy forest layer several centimeters deep next to a 

road running through Long Swamp, about a mile to the east of the site core. 

 Only one rock sample was selected to gain a sense of the locally occurring forms of 

limestone, which is the vastly dominant rock type in Northern Belize, and the forms of calcite 

within that limestone, which appear as mineral inclusions in the clay and ceramics at San Estevan. 

Three major types of calcite, as defined by Boggs (1992), were found in this limestone sample, all 

of which also occurred in varying amounts in the ceramic samples and clay samples.  They were: 

1) Micrite – micritic calcite, also defined as “cryptocrystalline calcite” by Jones (1986: 13), 
is defined as being composed of tiny calcite crystals 1 to 5 microns in diameter.  Micrite 
can be identified by its brown or gray “fuzzy” cryptocrystalline matrix (see Figure 5).  In 
this rock sample, micrite composed the main groundmass in which other forms of calcite 
occurred. 

 
 2) Sparitic calcite – this calcite form is an aggregate of small visible crystals, larger than 
 0.05 mm in diameter.  The borders are often irregular and subhedral, but the crystals 
 themselves can vary in size considerably (Figure 6). 
 
 3) Crystallitic calcite – this is the most common form of calcite in the ceramics at San 
 Estevan, appearing as easily identifiable calcite crystals in subhedral or occasionally 
 euhedral rhombs (Figure 7). 
 
A fourth type of calcite existed in the fired ceramic samples.  This type of calcite, named “micritic 

clots” by Cau Ontiveros et al. (2002), is formed from the thermal decomposition of calcite.  At a 

certain temperature, somewhere between 650 and 800 degrees Celsius,7 the carbon dioxide 

becomes dissociated from the CaCO3 mineral, leaving CaO.  This mineral is relatively unstable 

and rehydrates upon cooling, causing an expansion of the mineral and if the representation of the 

mineral is high, can cause cracking, spalling, or the complete disintegration of the vessel.  The 

form of this thermally decomposed calcite is called a micritic clot, and can be distinguished from 

normal micrite by a usually darker brown color and the presence of a blurry interior structure left 

                                                 
7 The actual temperature is a matter of some dispute, and may depend partly on the exact composition of the calcite 
mineral.  For more information, see Rice (1987: 97-98) and Rye (1981: 32-33). 
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over from the original calcite (Figure 8).  Severely thermally decomposed calcite minerals can 

either be completely burned away or disappear through post-depositional leaching, leaving part of 

a micritic clot or, at times, nothing but a void with birefringent remnants of calcite around the 

interior of the rim, known as “calcite reaction rims.”  

 

Ceramic Samples 

 The thin sections of the ceramic sample were analyzed for a variety of things that may 

indicate the technological choices that were made in the production of the vessel.  They were  

 
Figure 5 - Example of micrite from SH-12. 
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Figure 6 - Example of sparitic calcite from SH-9. 

 

 
Figure 7 - Example of crystallitic calcite from SH-4. 
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Figure 8 - Example of a thermally decomposed micritic clot associated  

    with a piece of crystallitic calcite. 
 

analyzed using resources such as the CRMAE Lab Manual, Kerr (1977), Nesse (1991), Optical 

Mineralogy Lab Module (Emley et al. 2000), and Image-Pro Plus computer software (Media 

Cybernetics Inc. 2002) to gain faster and more accurate percentages for some numerical textural 

values (See Appendix C). Point-counting was not used, as the computer software accurately 

ascertained an area count, which is a more accurate representation of true values (see Middleton et 

al. 1985). 

 After analysis, these samples were separated into three main groups based on the 

predominant or characteristic inclusion type – calcitic, volcanic ash/igneous, or silicaceous.  They 

were then separated further into seven subclasses, depending on noticeable or characteristic 

technological choices made by the potter in forming the vessel (See Table 2).  Other features 

include the fabric type, void type and prevalence, firing temperature, preparation methods (such as 
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whether temper was added or inclusions were natural, or clay mixing), and the percentage of 

fabric to inclusions to voids in the sample. 

 The subclasses were compared to each other through time by use of the stratigraphic 

levels, which correspond to the different ceramic phases present in Northern Belize (Table 3).  

They were either grouped by ceramic phase, or every two levels grouped together (Levels 1 and 2 

together, 3 and 4, and 4, 5 and 6)8 or into two groups split down the middle (Levels 1, 2, and 3 vs. 

4, 5, and 6), depending on whether more refined grouping or overall general patterning was 

desired.  Type: Variety classification and vessel form/function were looked at secondarily and as 

supporting evidence.  These latter were used to examine the results for the presence of particular 

ceramic recipes or formulas for specific vessel color, type, or function/form (Table 4). 

                                                 
8 One sample from level 4 seemed to fit better stylistically in the Swasey/Bladen phase, characteristic of Levels 5 and 
6, and was included in that grouping instead of in the Level 3 and 4 grouping, which seemed to be composed of 
Mamom phase ceramics.  Since the levels were divided arbitrarily, it seems likely that this sherd is a late 
representation of the earlier Swasey/Bladen phase. 
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ANALYSIS AND DATA INTERPRETATION 
 

Mineralogy of the San Estevan Ceramics 

 The mineralogy present in the sampled ceramics from San Estevan is composed 

predominantly of four minerals.  Three of these (calcite, dolomite and quartz) appear naturally in 

the local mineralogy. 

Calcite – Calcite is the main mineral in limestones, and the different types of calcite have been 

outlined above. Calcite is present in 95% of the samples and is the dominant9 mineral in 80%.  

These calcite-dominated sherds increase over time, possibly indicating greater standardization: in 

the earlier levels (4, 5, and 6), calcite-dominated sherds represent only 66% of the samples, while 

in the later levels (1, 2, and 3), this number is 92%, with only one sherd dominated by another 

mineral type.  Fabric groups 1a, 1b, and 1c by definition likely include calcite as temper (Figure 

9); these three groups comprise 75% of the total sample.  Calcite-tempered fabrics also increase 

through time – 95% of the sherds in later levels are calcite-tempered, while this number is 55% in 

the earlier ceramic phases.  Level 3 (the Mamom phase) is when this seems to become most 

important, as 100% of these samples are calcite-tempered, compared to 60% in all earlier levels 

combined. 

Dolomite – dolomite is also a major constituent of limestones, and is very closely related to 

calcite.  These two minerals appear very similar in thin section, and can be differentiated by the 

fact that dolomite has a higher tendancy to form euhedral rhombs, has twinning parallel to both 

diagonals (calcite only has twinning parallel to the long diagonal), and other minor signs (see 

Nesse 1991: 148 and Boggs 1992: 414-415).  Bartlett et al (2000) and Angelini (1998) established 

that dolomite is present throughout Northern Belize alongside calcite.  Dolomite is present in most 

                                                 
9 The term “dominant” here refers to all combined types of calcite representing over 70% of the total mineralogy. 
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of the samples at San Estevan, but is less common than calcite.  It can be difficult to differentiate 

the two, particularly in the fine fraction, and there may be some minor accidental mixing of the 

two proportions in the thin section descriptions.  However, for the purposes of this study, the 

distinctions are relatively unimportant. 

Quartz – Quartz is a stable mineral made mainly of silica, and is one of the most basic and 

weather-resistant minerals.  It is also ubiquitous in nearly all geological regions, and Belize is no 

exception.  Quartz is present in small amounts in calcite-tempered samples; it is present in larger 

proportions in sherds not dominated by calcite, but is still as a minority accessory mineral.  

However, it is the dominant mineral in one sample, SH-17. 

Pumice – In three sherds, pumice is one of the major constituents (Figure 10).  Pumice is a form of 

volcanic glass, formed under similar environments as obsidian, but is porous and easily shattered, 

making it a poor material for tools.  While it does occur on its own, it is also one of the major 

constituents of most types of volcanic ash, and the presence of pumice with other igneous 

materials (such as biotite, feldspar, augite and hornblende) may indicate volcanic ash inclusions in 

the clay.  Because of this, it is lumped under the category of volcanic ash (Jones 1986: 38).10

 Ash is defined as “fine, slightly fibrous and usually colorless. It occurs in shards of varying 

shapes, while pumice is more globular and often opque and white, or pale colored. In either case, 

the size range of the materials tends to be around 0.1 mm on average, occasionally larger or 

smaller” (Jones 1986: 38).  Pumice is present in 25% of the sample, but in two of these five, it 

occurs in a very small amount11 in a more bulbous, layered form.  Because of its rarity, it is 

essentially negligible as a technological production choice and therefore these sherds are not 

included in fabric group 2.  However, as these inclusions were probably added accidentally, it does  

                                                 
10 However, in the sherd sample thin section descriptions (Appendix A), the volcanic ash constituents are listed under 
separate categories and not together as “volcanic ash.” 
11 Less than 2%. 
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Figure 9 - Example of a calcite-tempered sherd, SH-12 (XPL 40x). 

 
 
 

 
Figure 10 - Example of pumice and rhyolite, both constituents of volcanic ash, from SH-20.   

Rhyolite (on the right) and pumice highlighted with arrow. (XPL 100x). 
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show the presence of volcanic ash in the production areas and therefore likely shows the use of ash 

tempering going on at that time. 

 

Ceramic Standardization through the Formative Period 

 Because the first goal of this research study is to see if ceramic standardization increases 

through the Formative Period (using the Rice/Costin model discussed above), the first section of 

the analysis will split the samples into two temporal groups, the first containing Levels 1, 2, and 3, 

and the second containing the earlier three levels.  The fabric groups will then be compared within 

these temporal groups and against each other to check for signs and changes in standardization 

(see Table 4 above).   

 In the earlier temporal group, there seems to be more variation in fabric type.  This group 

contains three red, three black, and three unslipped ware samples; in these nine samples, a total of 

five distinct fabric subclasses are represented.  Five of these samples are of Type 1a, while the 

other groups occur in single values.  However, in the later group, the variation in these fabric 

groups decreases considerably.  Of these eleven samples, there are only two that are not Type 1a 

or 1b. (Fabric types 1a and 1b are identical except for the presence of probably clay mixing in 

group 1b – not necessarily a significant difference when considered in the context of all of the 

possible technological choices that could be made).  Of these two exceptions, one of these (SH-9) 

is likely an import (discussed below), and I believe the other (SH-5) may be a relatively rare vessel 

used specifically for ritual purposes, for reasons I will also explain below. 

 Surprisingly, and contrary to Angelini’s (1998) findings, these petrographic results seem to 

support an increase in standardization through the Formative Period.  This indication is supported 

by the stylistic classification of the samples.  The earlier levels show a strong diversity in styles, 
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and also contain more sherds than the later group that don’t fit into Kosakowsky’s (1986) 

Type:Variety classifications.  Of the eight samples,12 none are from the same Variety, and only 

two are from the same Type chronologically; five do not belong to classes established by 

Pring/Kosakowsky’s typology.  However, in the later group, the Types assigned to each sample 

seem to be less varied, and all samples seem to belong to a previously defined classification.  

While this is a less conclusive trend than the one exhibited by the fabric groups, as it is more 

susceptible to sampling error and misclassification, it does seem to support the results from the 

fabric group analysis in showing the general increase in standardization throughout the period. 

 

The Existence of Ceramic “Recipes” through the Formative Period 

 The next step in our analysis is to search for the existence of “recipes” between fabric, 

technological choices made in production, and the final product (both in the external decoration, 

measured by the color of the slip or exterior fabric in this study since there are too few samples of 

any particular ware, and in vessel form).  The first set to be analyzed will be between fabric group 

and form13 (Table 5).  

 Fabric groups 1c, 1d, 2b and 3 only contain one sherd.  As such, no patterns can be formed 

with these fabric groups, and these sherds will be for all intents and purposes ignored during this 

part of the analysis.  Group 1a shows a variation of forms; the majority single form is the jar (4 of 

10), but other forms are also present (bowls, dishes, and plates number five, and there is one 

example of the bottle form). Group 1b is all serving dishes.  Groups 1a and 1b could be combined  

                                                 
12 This group only contains 8 samples instead of 9, as in the petrographic group, because one unslipped sample from 
Level 4 is too small and too damaged to be able to even guess at its possible style or ceramic sphere affiliation. 
13 It is necessary to take relationships formed with this second category (form) with a grain of salt, since the precise 
form can be difficult to tell from a single rim sherd; errors may be especially amplified in such a small sample size. 
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to establish more of a pattern – as stated above, the difference between the fabric groups is not 

large; however, the ancient potters may have mixed the clays to achieve a particular effect that 

may have affected the formation and performance of the vessel, and for now, it is better to leave 

these groups separate.  Group 2a only has two samples; however they are both of a similar bowl or 

dish form.  There does not seem to be any real pattern through time in the comparison between 

group and form. 

 The second set to be explored is that between fabric group and color.  The unslipped group 

is the most common, with eight samples; seven of these (88%) are in Group 1a, and the other is in 

1b.  There is no real change through time in the prevalence of this link.  The red ware group 

contains six samples; the earlier levels (1, 2, and 3) all have varied fabrics – fabric groups 1a, 2b, 

and 3 are represented by three sherds.  However, in the later levels, all three sherds are similar, 

consisting of groups 1a and 1b.  This apparent increase in standardization is interesting to note, but 

may be difficult to draw many conclusions with statistically speaking, because of the small sample 

size.  In the black ware group, there seems to be no pattern at all; in six samples, five different 

fabric subclasses are represented.  These seem greatly varied, and the only repeated group (2a) 

occurs once in Level 6 and once in Level 2.  These two sherds are not identical in form, however, 

they are both completely slipped black. 

 Further insight may be gained in supportive measure from a comparison between the color 

and the form of the samples.  The unslipped group is mixed in vessel form; however, 50% are jars, 

and the rest of the set contains two bowls, one dish, and one bottle.  There seems to be a higher 

occurrence of jars in Levels 4-6 (in which all unslipped vessels appear to be jars) than is present in 

Levels 1-3, where only one large water jar is present, and this assignment is uncertain.  This is not 
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indicative of a shift in standardization, but may represent a shift in the focus or purpose of 

unslipped ware.   

 Red ware seems to be predominantly serving dishes (five of the six samples); the lone 

exception, a jar, is unique in other ways.  For example, this sample (SH-17, Level 5) is the only 

sample in fabric group 3, and the only sample of Honey Camp Orange-brown Type.  It has very 

thick walls with an extremely porous microstructure, and is the only sample that contains no 

calcite inclusions.  In Levels 1, 2, and 3, all red vessels are serving dishes formed with a change 

between the body and the rim and outward curving sides.  In Level 4, the only red vessel is 

another serving dish, but this one has vertical walls and a direct rim.  The jar and dish in Levels 5 

and 6 (respectively) are both unique from the other red ware samples in fabric group.   

 All of the vessels in the black ware group are serving dishes with vertical walls and round 

rims.  Although there are some minor stylistic variations, there is no change in this relationship 

through time. 

 When these three analyses are integrated together, some interesting results present 

themselves.  While 88% of the unslipped ware is fabric group 1a, and the remainder is 1b, it 

appears as if this clear relationship between ware type and fabric group does not change much 

throughout the Formative Period.  Because unslipped ware is often utilitarian in nature, it should 

not surprise to find that it does not change much.  It also seems that there is a higher percentage of 

jars earlier in the Middle Formative Period, and that this becomes slightly more diversified and 

takes on a different focus, one more on serving dishes, in the Late Formative.   

 Red ware seems to show standardization through time in both fabric group and form; a 

diversity of fabric groups and forms are present in the earlier levels, while in the Late Formative, 

red ware seems to have settled on being predominantly serving dishes made of calcite-tempered 

 54



(and occasionally mixed-clay) fabrics.  In fact, really only SH-17 and SH-18 are unique in the red 

ware group, and both of these are in the early Swasey phase.  When juxtaposed with the trends 

seen in the unslipped group, one may be able to hypothesize with more data that unslipped serving 

dishes become a relatively common, utilitarian type of serving dish, while the red-slipped serving 

dishes may represent a “nicer” form of serving dishes. 

 In the black ware group, while there is not much pattern (save possibly one) in the fabric 

groups, all of these vessels seem to be formed into vertical-walled serving dishes with round lips.  

The possible meaning of this will be discussed below.  The only possible exception to this is in 

SH-5 and SH-20, both black-slipped vessels belonging to fabric group 2a, which is characterized 

by pumiceous volcanic ash temper.  This is the only black ware to show any kind of pattern. 

  

The Emergence of Craft Specialization? 

 The driving question behind these laborious analyses is whether or not the ceramics 

sampled from San Estevan show evolving craft specialization through the Late Formative.  It 

seems that the evidence exists to support this tentative conclusion, but it is not extremely strong.  

The pastes, temper, and some other paste production and formation techniques become more 

standardized through time, although there is still some variation in production techniques in the 

Late Formative.  The unslipped ware has strong evidence of the presence of a recipe; however, it 

does not appear to change through time.  Black ware is just the opposite; it has no recipe (although 

also appears to change little through time as well).  Red is the only ware group that suggests an 

increasing standardization in ceramic recipes.  The strongest evidence for the emergence of craft 

specialization seems to be in the general increase in the standardization of fabric groups – the very 

factor that Angelini (1998) denied finding any evidence for at K’axob. 
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 Other factors measured in the thin section analyses don’t seem to show any patterns or 

increases in standardization, such as changes in the void: fabric ratio, firing temperature, surface 

decoration, and so on.  These do not seem to be indicative of vessel forms or functions or fabric 

groups necessarily; nor do they seem to change independent of other factors, although some do 

change in relation to them, as the “fabric group” classifications incorporate these technological 

choices in a general sense. 

 

Other Data Interpretation 

 There are several other patterns that have emerged in this research that are worth 

commenting on and exploring further.   

Clay Mixing. Fabric group 1b (see Figure 11, below) is distinguished from its otherwise identical 

partner subclass 1a by the presence of clay mixing as a (likely) intentional technological choice 

with a particular purpose in mind.  Clay mixing as a production choice does not appear in the 

samples at San Estevan used in this study until Level 3, relatively late in the game.  Why did it 

appear so suddenly and why so dominantly in the late Mamom phase? Did it just become popular 

all of the sudden to begin mixing clays together? Changes in demand as dictated by shifting social 

norms can influence the production of ceramics (Angelini 1998: 56).  This is possible; however, 

without knowing more about how clay mixing may have changed the function and behavior of the 

vessel, we can’t say how demand may have changed.  And even if we did – what implications 

would it have if demand stayed the same or changed only subtly? 

 Another possibility is that the availability of the original clays changed.  Angelini (1998: 

52) doubts that resource depletion was a major concern for Formative Period Maya potters in 

Northern Belize, a comment I tend to agree with; however, there are other ways that the  
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Figure 11 – An example of fabric group 1b, SH-3, with examples of visible clay mixing and  

containing calcite inclusions.  Swirls and patches of differing clay color, 
 evidence for clay mixing, is circled in this figure for emphasis (XPL 10x). 

 

accessibility of to clay resources can change.  The time period correlating with the advent of clay 

mixing in these samples, Level 3, is probably during the late Mamom phase in the late Middle 

Formative or early Late Formative Periods.  This time period was a time of transition in Northern 

Belize; the population was growing and social complexity was beginning to emerge in larger, 

more visible manifestations.  Perhaps because of both these factors (but primarily the former), 

access to the land containing previously used clay sources (in a territorial sense, or perhaps in the 

sense that those lands changed in use) became restricted.  The restricted access to the usual clay 

sources for some potters may have forced them to mix clays to achieve the same intended clay 

properties. 

 Clay mixing continues into the Chicanel/Vasquez phase, but appears to be utilized to a 

lesser degree.  There are three possible reasons for this: (1) assuming the above clay restriction 
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hypothesis is true, perhaps either new clay sources were found or the restrictions on the old clay 

sources were removed or resolved; (2) the amount of clay mixing actually does stay the same, but 

the potters of Northern Belize have gotten so good at it by the Late Formative that it is no longer 

detectable; or (3) the amount of clay mixing remains the same (or increases) but this sample size is 

small enough that sampling bias has prevented us from getting a good picture of what is actually 

happening.  The only way to be able to tell for sure would be with a much larger study, complete 

with many detailed clay samples for sourcing and comparison. 

Black Ware. The fact that black ware at San Estevan in this sample shows standardization in 

vessel forms but not in fabric begs comment.  Because the fabric group in this study is reflective 

of the clay selection and technological choices made in producing and creating the vessel, and 

therefore relates to the intended function of the vessel, it leads me to believe that black ware may 

have had a primarily ritual purpose at San Estevan.  The form is standardized from early on in the 

production of pottery during the Swasey/Bladen phase, suggesting that form is of primary 

importance in creating the vessel; whereas the clay and production methods are more negligible, 

since no standardized form exists.  The exclusive ritual use of black ware is just a possibility at 

this point, and this does not preclude the use of other vessels for ritual purposes, as it is likely that 

other red-slipped vessels (and perhaps unslipped vessels as well) played ritualistic roles at 

different times throughout the Formative Period. 

Pumice/Volcanic Ash Temper. Three samples have large amounts of igneous inclusions, which is 

strange, considering there is no igneous geology in Northern Belize or in the lowland Yucatan 

either.  The closest igneous source to San Estevan is the Maya Mountains in south-central Belize, 

near Benque Viejo (Jones 1986: 39).  This does not necessarily mean that the original location for 

these igneous materials came from there, however.   
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 In addition to this peculiarity, closer inspection reveals that two of these samples, SH-5 

(Figure 12) and SH-20, are in fabric group 2a and contain different mineralogy than the third, SH-

18 which is classified as fabric group 2b.  The group 2a samples have sharper, more angular, 

smaller fragments of pumice, quartz, and contains little calcitic material; what is present is rare 

and partly burned out and altered into micritic clots from thermal decomposition. I believe this 

fabric class was tempered with imported volcanic ash and pumice, and that the quartz is natural in 

the clay; these two samples may also be slightly higher fired, which may partly account for the 

lack of calcitic material.  Post-depositional leaching may have also played a role.  There are 

significantly more calcitic inclusions in other samples, but when compared to the clay samples 

collected from the area, the clay samples contain relatively little calcite, and the mineralogy is 

mostly quartz.  One clay sample in particular (CS5), when fired to 700 degrees, was found to be 

similar visually and compositionally to the clay fabric in fabric group 2a (see Appendix B).  This 

sample was found adjacent to the New River, 2 miles west of the site; it is not a perfect match, but 

suggests that the clay for these samples may be local. 

Fabric group 2b (Figure 13), on the other hand has a high proportion of calcite that is in the 

form of micritic clots; these micritic formations are very round and weathered, with diffuse 

(blurry) boundaries that blend in with the fabric.  Pumice and rhyolite, present in group 2a, is also 

here in large amounts, but group 2b also contains weathered biotite and higher proportions of 

plagioclase than in 2a.  Because of the natural weathered look of the inclusions in this sherd, and 

the presence of other igneous materials, the possibility that it is an imported vessel with a clay 

source close to both igneous and carbonaceous sedimentary geologies is more likely. 
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Figure 12 - SH-5, with pumice inclusions highlighted by arrow (XPL 100x). 
 
 
 

 
Figure 13 - SH-18, with micritic inclusions, pumice, and biotite  

highlighted by arrows (XPL 100x). 
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Another possibility, however, is that this is just a different source of volcanic ash being 

imported. Jones (1986: 42-43) notes that ash can contain mineral inclusions of biotite, plagioclase 

feldspar, hornblende, and clinopyroxene, and that the assemblage of minerals tend to be of 

regional occurrence, so that volcanoes of a chain or province produce variations on a central 

assemblage.  I believe that the calcite in group 2b holds the key, as none of the clay samples 

collected in this study contained calcite in this weathered state in such a high proportion.  

However, this is not a question that can be answered without a larger clay sampling provenience 

study, which is beyond the scope of this project.   

 The question then shifts to this: why would volcanic ash, which had to be imported be 

added as temper to local wares when other sources of temper (such as calcite and grog) are much 

closer? The solution may arise when looked at from different viewpoints.  If my hypothesis 

regarding the role of black ware as ritual vessels outlined above is correct (admittedly a rather 

large “if” given the relatively small evidence at this point), then both of the black-slipped vessels 

in group 2a are part of a ritual vessel class.  Perhaps the volcanic ash is added to enhance the 

prestige of the vessel.  This would not be visible exteriorly, but it is possible that even the mere 

knowledge that it was made using relatively rare materials would achieve this affect.   

 Another way to approach the issue (requiring considerably less speculation) would be to 

see what kind of mechanical properties adding pumice and ash to a vessel would add.  Since it is 

volcanic glass, and is already vitrified, it would not easily become dissociated during or after 

firing and therefore would not change size and cause cracks like calcite would, or change the color 

of the vessel paste as organics might.  This type of vessel also has relatively thing walls and 

perhaps this type of temper (which can probably be ground up finer with less effort due to the 

friability relative to calcite or grog) would be more appropriate for this vessel. 
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 Related to this is the fact that technologically, ash-tempered vessels are less durable (they 

are more brittle) than those tempered with calcite.  This is a feature that wouldn’t have been 

appropriate for all vessels, but would have been those handled respectfully – such as ritual vessels 

(Jones 1986: 42).  This fact lends credence to the fact that black vessels played the role of ritual 

vessels at San Estevan. 

 The last thing that bears commenting related to the practice of ash-tempering has to do 

with its occurrence regionally.  Volcanic ash-tempering was a common practice in the central 

Lowlands, in areas like the Peten (especially Tikal) and further north, and increased in use 

throughout the Formative Period.  However, Jones (1986) notes that volcanic ash is not heavily 

used in Northern Belize compared to other areas in the Maya Lowlands, and this region tends to 

favor calcite tempering.  This statement is consistent with the results at San Estevan.   

 Ash occurs in very small amounts in two additional vessels, meaning that while it was 

probably added accidentally, ash/pumice was present at the production locale and indicating that 

ash tempering was going on during that time.  If we take this into account, and compare the 

presence of ash and pumice temporally, we see that there are three samples that contain it in 

Levels 5 and 6 (SH-17, SH-18, and SH-20). Another sample occurs in Level 3 (SH-11) and the 

latest same occurs in Level 2, during the Vasquez phase in the Late Formative.  This indicates that 

the use of volcanic ash and volcanic glass as temper decreases through the Late Formative Period.  

The possible reasons for this trend are discussed below.  

Grog. A separate group was made in Angelini’s (1998) study devoted to grog-tempered wares that 

made up 41% of her collection.  There were only two samples in this study that contained grog 

(SH-2 and SH-13) and both contained less than 5% of total inclusions. It could be that these pieces 

were added by mistake and are insignificant as a technological choice made by the potter. I believe 
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that this shows grog may have not been a commonly used paste preparation technique during the 

Formative Period at San Estevan. 

Imports. Besides SH-18 (discussed above), there are two other samples that are possible imports.  

The first is SH-9 (Figure 14). It has a unique fabric, with a completely black core (very rare in 

other samples) and tempered with predominantly sparitic calcite (most other pieces that temper 

with calcite mainly use crystallitic calcite in San Estevan). The exterior style is also distinct as a 

white-rimmed blackware. This type of surface decoration is rare in Formative Period Northern 

Belize (Andrews 1990: 7); the style more resembles that of Gulf-Coast Olmec at this time 

(Rosenswig, personal communication; Diehl 2004).  A thorough provenience study is needed to 

tell for sure; the mineralogy not necessarily unique in Northern Belize, though this proportion of 

sparitic calcite is unusually high. 

 The other sample is SH-17 (Figure 15).  This sample contains a very strange mineralogy.  

It is dominated by quartz with very small amounts of micrite, and over 50% of microstructure is 

void. However, the argument for this specimen being an import is not as strong when you examine 

the stylistic properties. It is the only sample classified as Honey Camp Orange-brown type, and 

strange fabric properties may simply be characteristic of the ware; it may not really represent an 

abnormality. A larger sample of Honey Camp Orange-brown ware from San Estevan is needed 

before this can be determined. 
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Figure 14 - SH-9, with inclusions of sparitic calcite and quartz (XPL 40x). 

 
 
 

 
Figure 15 - SH-17, with vughy microstructure and characteristic  

quartz inclusions. (XPL 40x) 
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CONCLUSIONS, DISCUSSION, AND POSSIBILITIES 
FOR FUTURE RESEARCH 

 
 Overall, the results from this analysis show that ceramic paste selection and some 

production techniques become more standardized over the Formative Period, though not 

completely so, as some variation in fabric groups remains – but less than in the Middle Formative.  

Calcite is by far the predominant inclusion, and this also becomes more standardized in the later 

Formative; other inclusion classes become more phased out.  Furthermore, evidence for increased 

standardization of recipes is also present, though this is less apparent; unslipped and black ware 

show forms of recipe use that doesn’t change throughout the entire Formative Period, while only 

red slipped wares increase in standardization and efficiency in the Late Formative Period.  

Angelini supports this latter conclusion, stating that “methods which promote efficiency increase 

in usage particularly for the monochrome redwares used primarily for serving and ritual” (1998: 

272).  However, the presence of recipes for unslipped and black wares from the beginning of the 

Formative Period indicate that some craft specialization, however small in intensity, was already 

extant, and that highly skilled local artisans were already operating.  Craft specialization did seem 

to rise during the Formative Period but probably never reached the point of large-scale, high-

intensity mass production by a few specialists depending entirely on the craft for survival.  

 

Discussion, Inconsistencies, and Suggestions for Expanded Research 

 Yet while Angelini’s work at K’axob supports the conclusion that local artisans were 

present from the beginning of pottery production, she explicitly points out that at K’axob, the 

evidence for standardization is scant: “No data indicate that standardization occurs in any aspect of 

ceramic production in the Formative period” (1998: 285).  Why do the results at San Estevan 

suggest otherwise? 
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 I believe that it has to do with the size the K’axob relative to the size of San Estevan. San 

Estevan was likely a small regional or secondary center, whereas K’axob was a third- or fourth-

tier settlement at best. This difference in size may have an impact on the respective levels of social 

complexity at each site, and in turn, the relative degree of craft specialization. 

 Numerous ethnographic studies have suggested that potters are inherently conservative, 

and technological choices are often based on tradition (Rice 1984, Arnold 1987, for example).  

The prevailing assumption seems to be that ceramic systems are stable and change only results 

from other social changes.  As such, changes seen in the ceramics tend to reflect changes in the 

culture or society.  Emerging social complexity and the presence of a hierarchical system of social 

organization have both been linked by several researchers to change in ceramic production 

systems (Feinman et al. 1984, Costin 1991).  Demographics and population growth is another 

factor that can influence ceramic change (Rice 1984: 256; Angelini 1998: 51).   

 These two developments are related; population growth and size have been linked to social 

hierarchy and complexity essentially since the inception of social anthropology.  It becomes more 

difficult to remain an egalitarian society the larger that society gets.  San Estevan, much larger 

than K’axob, was probably also much more complex socially.  Although San Estevan has not been 

excavated to the extent that K’axob has been, the fact that it was likely more complex is already 

apparent in the size and extent of the monumental architecture of San Estevan compared to 

K’axob.   

 Following this line of thought, with less social complexity existent at K’axob, the ceramic 

system/mode of production may have had less impetus to change and evolve toward larger-scale 

and higher-intensity craft specialization driven by economic need.  In this sense, the smaller size 
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of K’axob relative to San Estevan would have resulted in less ceramic craft specialization at the 

same time period, and less standardization would be apparent in the archaeological record. 

 The best way to test this possible explanation is simply to expand the sample size and 

analysis techniques at San Estevan from a pilot study (this one) to a full study of the same topic, 

and see if they show the same results.  If they do, I don’t see any other more likely explanation as 

to why San Estevan shows an increase in standardization (more specialization) and K’axob does 

not.  However, the small sample size could have easily skewed the results; Angelini mentions (p. 

287) that work by Shepard (1939) at San Jose and Jones (1986) at Cuello and Nohmul, both large 

regional centers, suggest that the ceramic production trends observed at K’axob are mirrored 

elsewhere even where social hierarchy is more evident.  I would not be surprised if a larger study 

at San Estevan adjusted the findings to be more in line with Angelini’s results. 

Volcanic Ash Temper Importation. It was mentioned above that at San Estevan, while the use of 

volcanic ash as temper is never prevalent, its use does seem to decrease later in the Formative 

Period.  I agree with Jones (1986) in the conclusion that ash was being imported for temper usage 

in some fine wares; despite the fact that it defies models based on ethnographic research for the 

distance potters will travel to collect temper (Arnold 1985).  The question most scholars opposed 

to this idea of imported temper ask is why import temper when you have more conveniently 

located sources of calcite nearby? 

 Jones (1986) proposes pumice and volcanic ash made their way into the ceramic lowlands 

via existing obsidian trade routes; ash and pumice are very light in proportion to their bulk and one 

man could have easily transported large quantities of this material (41). She suggests that they 

may even have used it as cushioning for pre-made obsidian artifacts during transport (55). 
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 However, she (and others) note that its use increases with frequency throughout the 

Formative Period and becomes quite common in the Classic Period at most Lowland Maya sites 

throughout the Yucatan, with the exception of Northern Belize, where it never becomes very 

common at all.  She suggests that this is because the obsidian trade to this area also never becomes 

very large, unlike at other sites; while obsidian artifacts are known at most sites, they occur in 

much smaller proportions than at other sites and relative to the number of chert stone tool artifacts.  

Excellent chert outcroppings occur throughout Northern Belize, including a large and particularly 

fine chert-bearing zone centered at Colha.  Jones hypothesizes (and I agree) that “Perhaps the 

presence of chert, as useful as obsidian and more readily available [in Northern Belize] may have 

effectively blocked the trade of the long-distance commodity [obsidian]” (1986: 55).   

 If ash was transported and traded with obsidian, this also explains why ash decreases in use 

at San Estevan throughout the Formative, instead of increasing like other Lowland Maya sites: 

chert resources seem to have been most extensively utilized during the Late Preclassic, Classic and 

Postclassic Periods (Jones 1986: 55).  The increase in the use of locally available chert decreased 

the need for long-distance trade of obsidian, and by proxy, the availability of volcanic ash as a 

tempering agent. 

 However, the small sample size as well as the lack of statistical representation in the 

sample likely skewed the results from San Estevan, making any conclusions drawn from this 

sample tentative at best.  Before such a pattern in temper use can be definitively defined, a much 

larger and statistically representative sample must be drawn and studied for the same phenomenon.   

 Regardless of whether the use of volcanic ash temper decreased or not throughout the 

Formative Period, it remains unexplained as to why volcanic ash does not occur at all in the 

ceramics from K’axob (Bartlett, personal communication, April 2006). After all, obsidian was 
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found during the excavations of K’axob dating to the Formative Period.  This may have to do with 

the nature of the long-distance trade distribution mechanism.  I hypothesize that as a regional 

center, San Estevan may have acted as a distributive hub for trade goods.  Its location on the banks 

of the New River between Cerros and Lamanai make it an excellent site to distribute goods to the 

smaller communities in north-central Belize – such as K’axob.  Goods like obsidian (accompanied 

by volcanic ash) came into San Estevan via the New River and were then redistributed to other 

lower-tier communities around the area.   

 The caveat to this model is that only the obsidian made it to these other communities. 

Perhaps the smaller communities, used to using calcite for temper, had no interest in spending 

resources on what is essentially a luxury material used to create a specific brand of ritual-use ware.   

 A second possibility is that K’axob had developed a local style which did not include the 

use of volcanic ash.  Angelini (1998) reported that she found evidence of the emergence of 

localized or regional styles during the Late Formative Period. This may be related to the first 

possibility; a lack of access to the ash earlier in the Formative may have led the potters of K’axob 

to develop a local style that had no need for volcanic ash as temper.  However, her finding that 

local styles emerge during this time is disputed by some scholars, and will be discussed below. 

 In any case, the best way to test for this hypothesis is not to test ceramics but obsidian.  

Jones (1986: 43) notes that the prospects for proveniencing ash are rather poor due to the possible 

mixing of ashes by natural and human agencies.  However, if the assumption that the trade of ash 

follows the obsidian trade routes, one could conduct a study sourcing the obsidian found in this 

area.  If the obsidian found at small sites surrounding San Estevan are from different sources, but 

obsidian from all of these sources is found at San Estevan, then it should follow that the larger 

regional site of San Estevan acts as a redistributive hub for the other, smaller communities.  
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Similar studies could be conducted at other regional centers for more evidence of this distributive 

mechanism. 

The Emergence of Regional Variation.  The third conclusion that conflicts with that of Angelini’s 

study and should be addressed is that of the emergence of regional styles.  Angelini finds that from 

the stylistic analyses done at K’axob, Cuello, Colha and Cerros that local styles diverge from each 

other over the course of the Formative Period. She links this to the emergence of a local identity 

that rises with the growth of social complexity.  While this is consistent with the idea of a rising 

elite and eventually the creation of the office of Mayan kingship, as well as the rise of intra-site 

warfare known in the Classic Period (and attested to in the Late Formative by the increase in 

defensive structures at some sites), her conclusion is contradicted by the results at San Estevan. 

 Stylistically, more samples used in this study could be placed into the extant Type:Variety 

classes formulated by Pring (1977) and Kosakowsky (1987) in the latter part of the Formative 

Period than in the earlier parts.  Some regional variation is to be expected at all periods; however, 

six of nine samples in Levels 4, 5, and 6 (Swasey/Bladen phases) could not be placed in the 

current classification system whereas only three of eleven samples in the Late Formative Mamom 

and Chicanel phases did not perfectly fit extant varieties.  This shows increasing intra-site 

standardization and less regional variation. 

 A possible explanation for this may once again be found in the size and presumed levels of 

social complexity in each of the sites.  In a functional analysis of ceramics at Cerros, Robertson 

(1983) proposed that the increased social hierarchy emerging during the courser of the Formative 

Period may have created social strife when the signs of social differentiation became highly 

apparent.  She suggests that this divisive force would need to be counteracted by an integrating 

force, which could be found in communitywide rituals focusing on corporate activities such as the 
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construction of monumental architecture.  Not only would this justify and reinforce the existence 

of an elite class, but “these public rituals and activities would also help relate community activities 

to regional activities, encouraging the local inhabitants to view themselves not as Cerrosaños, but 

as Maya” (142). Such a pan-Mayan regional integration may have also been occurring at San 

Estevan.  But because of the smaller size and relatively lower degree of social hierarchy at 

K’axob, this mechanism of community-wide ritual and regional integration may not have 

occurred, leading to a development of a local style rather than regional homogeneity found at 

larger sites such as Cerros and San Estevan. 

 Currently, this explanation lacks data; due to the difficulties in stylistically classifying 

vessels based on a single rim sherd into classes that may not exist in the potter’s mind, as well as 

the small sample size of this study (errors tended to be amplified rather than played down as in 

larger samples), I would expect a larger study of San Estevan ceramics to change these results and 

align them with Angelini’s results.   

 However, both Kosakowsky (1987) and Pring (2000) state that the Late Formative 

Chicanel sphere is a time of increasing homogeneity, not regional variants.  This complicates the 

issue, as all three studies were conducted stylistically.  However, Pring (2000) also states that 

while it is a time of increasing homogeneity during most of the Late Formative, the last 100-200 

years, termed the “Protoclassic,” see a rapid diversification of regional styles, as different sites 

head into the Classic Period in different ways.  Since no absolute radiocarbon dates existed from 

the later deposits of the sherd-bearing unit used in this study at the time of publication, it is quite 

possible that the latest ceramic sample from that deposit does not reach to the very Late 

Formative.  This would cause the late “Protoclassic” regionalization of ceramic styles to go 

unobserved in the samples for this study. 
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  The only way to solve this issue would be to conduct a detailed, multi-site study with this 

question specifically in mind.  I am inclined to agree with Angelini on this issue, as I am not sure 

that a detailed look at the ceramics of multiple sites was necessarily in the forefront of 

Kosakowsky and Pring’s minds when that observation was made, whereas Angelini used it as a 

central criterion to her research question. 

Black Ware.  A final possibility for future research involves the investigation of the nature of 

black ware.  While the small sample in this study indicated that they may be used for ritual 

purposes due to their apparent lack of concern for functional performance as well as their 

homogeneity in form, a research project that expanded the sample size as well as took 

archaeological context into account could answer this ambiguity.  For example, it would also be 

useful to examine ritual caches and burials.  A breakage pattern analysis may also be helpful to see 

if some vessels were intentionally broken during a ritual. 

 
 
Towards a Model of the Emergence of Craft Specialization in Northern Belize during the 
Formative Period 
 
 Based on these results and research done on the kin-based social organization of the 

Formative Maya (referring to McAnany 1995), one can propose a tentative model for the 

emergence of craft specialization at San Estevan.  This model makes use of the importance of kin-

based groups and social organization.  I have no illusions that this model is perfect, as it involves 

use of speculation and assumption, and I’m sure that various aspects of it will be changed as more 

data emerges on the subject, and it may even be discarded in favor of another.  However, I believe 

it can form the basic model for this topic. 

 This study (and others: see Angelini 1995) has noted that a high level of skill as well as 

some standardized recipes were in existence from the inception of ceramics at Northern Belize, 
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indicating the presence of local artisans from the very beginning.  Because of a high amount of 

variation in the production techniques and in wares, these artisans were probably small-scale and 

low-intensity, relatively dispersed throughout the community.  I propose based on McAnany’s 

research that these local artisans were organized along kinship lines and may have provided 

ceramics for themselves and for their extended families.  This may have manifested itself in the 

high variation of particular styles representing particular kin groups as social identifiers, partly 

explaining the high variety of styles, production choices, and pastes used in the Middle formative. 

 As time progresses and social hierarchy began to emerge, kin groups became larger and 

fewer through marriage and alliances, decreasing the number of inter-site styles and causing more 

standardization in some aspects of the production cycle. In addition to this, the increase in 

differentiation and inter-familial alliances led to more resources being put toward the building of 

monumental architecture and large-scale agricultural intensification such as is found at nearby 

Pulltrouser Swamp (Turner 1983).  This resulted in less people available to construct pots, so 

those who were left had to construct more to meet the rising demand (exacerbated by the rising 

population). This idea of increasing family size is supported by the increasing importance and 

production of larger serving vessels meant to serve food at “supra-family” gatherings at K’axob, 

Cuello, Cerros, and other sites (Angelini 1998, Kosakowsky & Hammond 1990, Robertson 1983). 

 However, the production locale did not necessarily increase in size, and these potters 

probably still remained dispersed and operated out of their homes (this conclusion is taken from 

the lack of known production locales in the Formative Period).  Using open firings and lacking 

certain potting technology such as the wheel, these production locales would be very difficult to 

see archaeologically. 
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 As fewer potters produced more wares, the vessels increased in standardization and 

efficiency. This resulted in more standardization of some wares, such as the red-slipped ones 

discussed above, especially in fabric and some production techniques.   

 Eventually, some potters may have become tied to a major elite “royal” family, or one of 

similar stature, and become dependant upon them for subsistence.  The evidence for this 

possibility lies in the later Classic period pots with glyphic decoration; these are clearly meant for 

consumption by the literate elite population.  If the intended destination for the ceramic vessel is 

elite consumption, than it seems likely that the potter is at least partly dependant on the elite 

population.   

 This model is more in line with the ceramic homogeneity that seems to have emerged 

during the Late Formative Period, at least at larger sites; perhaps a Mayan identity was 

emphasized more at larger sites than at smaller ones.  This may be an aspect of the model that will 

change when more data emerges. 

 The lack of located production locales show that the degree of standardization never got to 

the point of factory-level.  Furthermore, if the potter became tied to the elite class, they would 

never have to rely purely on demand and economic factors, meaning that it would never be 

necessary to try and take advantage of economies of scale and go into highly standardized mass 

production of ceramics; that extra bit of efficiency that comes as a result of mass production 

wouldn’t be needed.  Again, this explains why full-fledged specialization never arose in the 

Formative Period.  The ceramics then could be distributed through elite-run structures, or possibly 

through gift-giving (Angelini 1998: 56).  

 This model also need not apply to all Formative potters at San Estevan, only to some – 

many potters, particularly of families who were lower-class, may have remained numerous, 
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dispersed and small scale, producing mostly utilitarian ware.  However, this model for the 

emergence of ceramic craft specialization in Northern Belize during the Middle and Late 

Formative Periods that I have just proposed remains little more than a hypothesis at this point.   

Without further research on this topic or topics discussed above, the enigma of craft specialization 

in this area during the Formative Period will remain just that – an enigma.   

 

FINAL COMMENTS 

 The emergence of ceramic craft specialization in Northern Belize during the Formative 

Period is still debated.  The results of this study seem to contradict the more comprehensive study 

conducted by Angelini (1998) at K’axob, a smaller settlement.  The reasons for this could lie in 

the difference between sites in terms of size and social complexity; or it could simply be that the 

small sample size used in this study have skewed the results somewhat. 

 The original purpose of this pilot study was to investigate the rise of craft specialization 

during a time of social transformation, to add to the growing corpus of evidence on the subject, 

and to raise possibilities for future research.  And while the results cannot be taken definitively 

because of the small and likely non-representative sample size used, the study did manage to 

propose new hypotheses for further investigation, regarding both the degree and role of craft 

specialization during the Formative and the role of ceramics in the overall social and cultural 

processes. 

 Yet whatever this study has produced, it seems clear (from this study and work done by 

others) that the Maya never fully reached the potential of craft specialization and mass production 

during the Formative.  The reasons for this could be many; it could be that, as Rice (1981: 227) 

suggests, the 1000 years of ceramic development in Northern Belize was simply not enough time 
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for craft specialization to develop.  Or, it could have more to do with the production support 

structures and distribution mechanisms: if ceramic production developed with elite support and 

control, this may have eliminated some of the need for economic dependency on ceramic 

production and mass production.  Similarly, if the finished vessels were distributed along kinship 

lines, this could also reduce the premium placed on economic factors that seem to be valued in the 

models by Rice, Costin, and others discussed above, yet still allowing for some standardization 

and development of further craft specialization as families became larger, less numerous, and 

more socially differentiated. 

 The results of this pilot study seem to indicate that ceramic craft specialization (using 

standardization of products in the material record and the existence/development of standardized 

ceramic recipes as relative measurements) did increase somewhat during the Formative Period, 

though not as much as one might expect, given the trajectory of social development.  This seems 

to be contradictory to the results found in Angelini’s study at K’axob, although both Angelini and 

this author seem to agree that the presence of well-made ceramics from the beginning of the 

Swasey phase around 900 BC indicate that local, small-scale artisans were likely present and 

producing at least some vessels.  Yet the sample size all but guarantees that these results settle 

nothing regarding the subject of craft specialization without further research, following the same 

framework as this study but conducted on a much larger scale.  The only way that this issue will 

ever be settled is with more investigation of the Formative Period ceramics in Northern Belize. 
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APPENDIX A: RESULTS OF THIN SECTION ANALYSES 

 Sample ID 1 Color Unslipped Level 1 Fabric Group 1a 
 Provenience SE1-61-5 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description rim sherd 

 Artifact Description Incurving sided bowl with slightly restricted orifice; thickened rim and round lip 

 Stylistic Classification Richardson Peak Unslipped: Richardson Peak Variety (Cocos) 
 Notes Richardson Peak Group, Chicanel (Cocos) Sphere; D #59. 

 Fabric Description 
 Comments on Microstructure 
 Voids Combinatio of long, planar macro- and meso-vughs (7) and smaller meso-vesicles and meso-vughs  
 generally <0.25 mm.  Longer macro/meso-vughs tend to show common elongated orientation.  Most 
  if not all voids contain calcite reaction rims. 
 Porphyric-related distribution Close- to single-spacing - tightly packed but usually separated by a bit of groundmass 
 Preferred Orientation Slight PO - larger calcitic inclusions and long voids 

 Comments on Groundmass 
 Homogeneity Color becomes deep red, almost orange-red in some parts - normal color is brown. On both edges, a  
 dark red to black swath goes across the exterior edges. 

 Optical State Optically slightly active 
 B-Fabric Type Random orientation of domains, stipple speckled; also moderately developed granostriation. 
 Color: PPL 7.5YR 3/4 Dark Brown @ 100x 
 Color: XPL 10YR 3/3 Dark Brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 5:95 Coarse:Fine ratio (area) 66:33 
 Mode Bimodal - 0.1 mm and 0.8 mm Sorting poor 
 Range <0.05 to 2 mm 
 Shape 
 Fabric: Inclusions: Voids Ratio 50:8:42 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - crystalline - somewhat more  
 rounded with sharp to diffuse borders,  
 occasionally with extreme birefringence 

 Dominant SPARITIC CALCITE (LIMESTONE) -  Dominant 
 angular, clear boundaries 

 Frequent Frequent 

 Common CRYSTALLITIC CALCITE - subhedral,  Common 
 smaller pieces show diffuse borders - larger  
 (>0.2 mm) are clear - occasional twinning,  
 weathered but good cleavage - occasional  
 zoning 

 Few DOLOMITE - crystallitic - euhedral, clear  Few 
 cleavage 
 MICRITIC CLOTS - calcite that has  
 undergone thermal decomposition to CaO -  
 esp. along borders where heat may have  
 been higher 

 Very Few Very Few 

 Rare Rare QUARTZ - perfectly rounded, <0.1 mm 

 Very Rare CHALCEDONY - 1 mm long - radial Very Rare 
 ROCK FRAGMENT - one very weathered  
 rock fragment - limestone? Red  
 hypocoating. 

 Textural Concentration Features 
 TCF % (Field of View) 2.5 
 TCF Composition and  Dark red band about 0.2 mm thick along one side - some discoloration on other side but not  
 Description nearly as significant 

 Amorphous Concentration Features 
 ACF % (Field of View) 5  % 
 ACF Composition and  Pure nodules < 0.15 mm in diameter; one or two nodules are larger - up to 0.35 mm 
 Description 
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 Sample ID 2 Color Red Level 1 Fabric Group 1a 
 Provenience SE1-6a-6 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description rim, double-incised line (preslip) on interior just below rim 

 Artifact Description Outcurving sided dish with thickened rim and round lip 

 Stylistic Classification Laguna Verde Incised: Groove-incised 
 Notes Sierra Group, Chicanel (Cocos) Sphere; D #62 

 Fabric Description 
 Comments on Microstructure Very vughy microstructure - matrix seems almost clast-supported. 
 Voids In some areas, like the center, void space is >50%; complex packing voids of vugh or vesicle  
 classification.  On lateral ends, more like 20%-25% void space.   
 Most are 0.1 to 0.4 mm in diameter.  A few larger ones are present, in very erratic shapes, in macro  
 range, but non really >1.1 mm.  Most have calcite reaction rims or some even have calcite inclusions 
  left in center of void. 

 Porphyric-related distribution Coarse fraction tends to range from close- to single-spaced; find fraction generaly ranges 
  from single- to double-spaced. 

 Preferred Orientation Not really; perhaps very slight. 

 Comments on Groundmass 
 Homogeneity Higher void concentration in center 

 Optical State Optically active 
 B-Fabric Type Porostraited interior to void walls; mostly crystallitic b-fabric, t hough some poorly developed  
 random striated and stipple speckled 

 Color: PPL 10YR 6/8 Brownish yellow @ 100x 
 Color: XPL 7.5 YR 3/4 Dark brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 95:5 Coarse:Fine ratio (area) 77:23 
 Mode 0.06 to 0.1 mm Sorting Poor to moderate 
 Range 0.05 to 1.5 mm 
 Shape 
 Fabric: Inclusions: Voids Ratio 40:20:40 
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 Coarse Inclusions Fine Inclusions 
 Predominant CALCITE - crystallitic, subhedral - subround Predominant CALCITE - relatively large - >0.03 mm 
  with moderate to poor sphericity -  
 generally clear boundaries - highly  
 birefringent.  About 10% are in process of  
 CaO transformation; one piece contains a  
 small piece of radial chalcedony 

 Dominant Dominant 

 Frequent Frequent 

 Common Common 

 Few SPARITIC CALCITE - chunks, often  Few 
 associated with micritic clots 

 Very Few MICRITIC CLOTS - often associated with  Very Few 
 sparitic calcite fragments 
 DOLOMITE - euhedral crystals 

 Rare Rare 

 Very Rare QUARTZ - one piece of highly weathered  Very Rare 
 quartz, diffuse to merging boundaries 
 GROG - two pieces in close proximity - both 
  have sharp linear edge, merging boundaries,  
 similar mineralogies to the rest of the fabric  
 - one piece appears to be slipped 

 Textural Concentration Features 
 TCF % (Field of View) 8  % 
 TCF Composition and  Coarse chunks of red material similar in structure to matrix; contains own mineralogy, though  
 Description similar composition - 0.1 to 0.3 mm diameter; diffuse borders, prominent color, discordant -  
 rounded but distorted - probably CLAY PELLETS - appear in brown and darker brown as well 

 Amorphous Concentration Features 
 ACF % (Field of View) 2.5 
 ACF Composition and  Small pure or slightly impregnative nodules; larger ones reach up to 0.4 mm but generally are  
 Description more distorted. 
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 Sample ID 3 Color Red Level 1 Fabric Group 1b 
 Provenience SE1-6a-2 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description rim, flares out at top. Double-line preslip incision present 

 Artifact Description Outcurving sided serving dish with exteriorly everted rim and thin, sharply rounded lip 

 Stylistic Classification Laguna Verde Incised: Groove-incised 
 Notes Sierra Group, Chicanel (Cocos) Sphere: D #63 

 Fabric Description 
 Comments on Microstructure 
 Voids Mostly meso and macro-vughs (o.2 mm to 0.85 mm) and micro- to meso-vesicles (0.05 to 0.2 mm). 
   Some larger voids appear to be connected to or surrounding inclusions or partial inclusions.  One  
 very large void (2 mm x 0.9 mm) associated with some staining in fabric around part of edge 
 Porphyric-related distribution Single- and double-spaced in fine fraction 
 Mostly single-spaced in coarse 

 Preferred Orientation Voids and oblong inclusions show PO - slight 

 Comments on Groundmass Inclusions have poor borders - most probably weathered natural inclusions 
 Homogeneity Lots of swirls, patches of different colored clay - hard to see what base color is - patches of orange,  
 dark brown, green, and red 

 Optical State Optically slightly to somewhat active 
 B-Fabric Type Crystallitic and random striated 
 Color: PPL 10YR 5/6 Yellowish brown @ 100x 
 Color: XPL 10YR 4/6 Dark yellowish brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 5:95 Coarse:Fine ratio (area) 65:35 
 Mode 0.08 mm Sorting Poor 
 Range 0.01 to 1.4 mm 
 Shape Angular and poor sphericity, but diffuse borders 
 Fabric: Inclusions: Voids Ratio 70:20:10 
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 Coarse Inclusions Fine Inclusions 
 Predominant CALCITE - subhedral, weathered, with  Predominant CALCITE - hard to differentiate from the   
 mostly diffuse (some clear) boundaries groundmass - calcitic dust 

 Dominant Dominant 

 Frequent Frequent 

 Common Common 

 Few SPARITIC CALCITE, LIMESTONE,  Few 
 MICRITE 

 Very Few Very Few 

 Rare DOLOMITE - rhombic, clear borders,  Rare QUARTZ 
 euhedral 

 Very Rare Large piece (>1 mm) of SPARITIC  Very Rare 
 LIMESTONE with rounded calcite  
 inclusions decomposing to CaO.  
 MUDSTONE - subangular, mostly burned  
 out calcite inclusions, spherical. 
 CHALCEDONY - anhedral, small. 

 Textural Concentration Features 
 TCF % (Field of View) 25 % 
 TCF Composition and  Lots of patches, nodules of different colors - red, green/yellow, brown, orange represented.   
 Description Distorted, prominent only because of color.  Diffuse boundaries.  Often contain own distribution  
 of minerals - similar composition but usaully smaller in size the the mineralogy of the rest of the 
  ceramic.  0.2 mm to 0.8 mm, with high birefringent fabric - CLAY PELLETS, with incomplete  

 Amorphous Concentration Features 
 ACF % (Field of View) 8-10 
 ACF Composition and  Relatively large amount.  Most take form of dark red pure nodules, elliptical in shape.  A few  
 Description take the form of a black opaque coating merging into a hypocoating - one around a dolomite  
 rhomb, another around a large void 
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 Sample ID 4 Color Unslipped Level 1 Fabric Group 1a 
 Provenience SE1-6a-6 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Flat-lipped rim; buff color 

 Artifact Description Flaring sided dish or plate with interiorly thickened  rime and square lip 

 Stylistic Classification Richardson Peak Unslipped: Richardson Peak 
 Notes Richardson Peak Group, Chicanel (Cocos) Sphere: D #60 

 Fabric Description 
 Comments on Microstructure 
 Voids Relatively few voids - mostly meso-vughs, 0.3 mm maximum diamter with 4 exceptions, all vughs  
 over 1 mm long - one planar vugh 4 mm long, two contain calcite reaction rims.  Most voids tend to 
  be large but few and far in between 
 Porphyric-related distribution Close-spaced and single-spaced in both fractions 
 Preferred Orientation Yes 

 Comments on Groundmass Lots of small to medium sized red hematite stains with rare staining around minerals 
 Homogeneity Slighly darker color (blended) on outer edge; not perceptable in hand specimen but clear in thin section 

 Optical State Optically slightly to somewhat active 
 B-Fabric Type Moderately developed crystallitic fabric 
 Color: PPL Edges: 10YR 4/3 brown; Interior, 10YR 5/4 yellowish brown 
 Color: XPL Edges: 7.5 YR4/3 Brown; Interior: 10YR 4/6 dark yellowish brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 10:90 Coarse:Fine ratio (area) 85:15 
 Mode 0.2 mm Sorting Moderate 
 Range 0.03 to 0.7 mm, with one at 2 mm 
 Shape Angular to subangluar with moderate sphericity 
 Fabric: Inclusions: Voids Ratio 65:28:7 
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 Coarse Inclusions Fine Inclusions 
 Predominant CALCITE - crystallitic - weathered, often  Predominant 
 with one or two sharp borders and others  
 being diffuse.  Generally, good relief;  
 subhedral to anhedral shaping - a few  
 polycrystalline 
 Dominant Dominant CALCITE 

 Frequent Frequent 

 Common Common DOLOMITE - may be calcite, hard to tell  
 in fine fraction 
 QUARTZ 

 Few DOLOMITE - crystals; good borders,  Few 
 euhedral 
 SPARITIC CALCITE 
 QUARTZ - round but not really spherical 
 Very Few MICRITE Very Few 

 Rare Rare 

 Very Rare CHALCEDONY Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 0  % 
 TCF Composition and  Not really present 
 Description 

 Amorphous Concentration Features 
 ACF % (Field of View) 6-8 
 ACF Composition and  Mostly small to medium ( <0.2 mm) red nodules; 40% pure (dark red, some black), 60%  
 Description impregnative. 
 There are a few elongated irregular/distorted streaks of impregnated ACF - birefringence evident  
 - red clay staining? 
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 Sample ID 5 Color Black Level 2 Fabric Group 2a 
 Provenience SE1-61-7 Calcareous Inclusions No Volcanic Inclusions Yes 
 Sherd Description Exteriorly folded rim, thicker than body; differential firing produces black, rough outside and  
 creamier, buff inside; interior slipped with faintly waxy-feeling cream slip 

 Artifact Description Vertical-walled dish or bowl with folded, round rim 

 Stylistic Classification Unsure 
 Notes Similar to Pital Cream: Unspecified (Lopez), but sans carbonate inclusions. May be local variant. D  
 #57 

 Fabric Description 
 Comments on Microstructure 
 Voids Some round macro-vughs 0.7 to 1 mm, but mostly meso-vughs 

 Porphyric-related distribution Open-spaced 
 Preferred Orientation Yes, PO in voids and clay platelets 

 Comments on Groundmass 
 Homogeneity Outer edge (bottom) is darker color and contains less vughs and vesicles - more groundmass 

 Optical State Optically somewhat active 
 B-Fabric Type Slight cross-striation that goes with lathe-like pumice inclusions; strongly developed granostriation 
 Color: PPL Interior edge: 7.5YR 5/6 strong brown; Exterior edge: 7.5 YR 3/4 dark brown @ 100x 
 Color: XPL Interior edge: 10 YR 6/6 brownish yellow; Exterior edge: 10YR 3/3 dark brown 

 Inclusions 
 Coarse:Fine ratio (num) 10:90 Coarse:Fine ratio (area) 98:2 
 Mode Quartz: 0.1 mm. VG: 0.2 mm Sorting Well-sorted 
 Range Quartz: 0.03 to 0.3 mm. VG: 0.08 to 0.4 mm. 
 Shape 
 Fabric: Inclusions: Voids Ratio 45:25:30 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant 

 Dominant VOLCANIC GLASS (VG) - crushed Pumice - Dominant 
  most occur in relatively small lathe-like  
 shards, though some occur in concoidally  
 rounded inclusions with layering.  Definite  
 structure, sharp boundaries. 

 Frequent Frequent VOLCANIC GLASS - Pumice 

 Common QUARTZ - monocrystalline, generally  Common QUARTZ 
 rounded and showing some stress 

 Few Few 

 Very Few Very Few 

 Rare CHALCEDONY - relatively small, radial,  Rare 
 euhedral 

 Very Rare CALCITE - micrite or crystalline Very Rare Possible TOURMALINE - Strong  
 interference colors, sharp borders, very  
 high relief - rounded edges, very small  
 (only one piece 0.06 mm in length) - not  

 Textural Concentration Features 
 TCF % (Field of View) 10 % 
 TCF Composition and  Depletion feature - birefringence and color of sherd strongly decrease in concetration on top side 
 Description  of sherd about 0.8 mm from edge or so 

 Amorphous Concentration Features 
 ACF % (Field of View) 1  % 
 ACF Composition and  pure black nodules - small and rare 
 Description 
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 Sample ID 6 Color Unslipped Level 2 Fabric Group 1a 
 Provenience SE1-6a-7 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Differential firing - darker core, reddish outsides; flat rim, thick body - very coarse 

 Artifact Description Large water-storage (?) jar, long neck, wide mouth (?) 

 Stylistic Classification Richardson Peak Unslipped: Richardson Peak 
 Notes Unsure if Mamon (Lopez) or Chicanel (Cocos); D # 56 

 Fabric Description 
 Comments on Microstructure 
 Voids A few oblong, large mega-vughs, but mostly smaller mesa-vughs - not very much of microstructure is  
 composed of voids 

 Porphyric-related distribution Close and single-spaced for both fractions 
 Preferred Orientation Coarse, hard to tell - slight PO 

 Comments on Groundmass 
 Homogeneity Steaks and patches of darker colored groundmass throughout 

 Optical State Optically somewhat active 
 B-Fabric Type some speckled; highly developed granostriation 
 Color: PPL 5YR 4/3 reddish brown @ 100x 
 Color: XPL 7.5 YR 4/4 brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 5:95 Coarse:Fine ratio (area) 70:30 
 Mode 0.15 mm Sorting Poor 
 Range <0.03 to 2.2 mm 
 Shape angular to subangluar, moderately spherical to irregular 
 Fabric: Inclusions: Voids Ratio 49:44:7 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant 

 Dominant Dominant 

 Frequent CALCITE - crystallitic, sunbangular to  Frequent CALCITE - angular and crystalline,  
 subround (subhedral) - generally diffuse to  showing cleavage, but often with diffuse or  
 clear boundaries - about 20% is   merging borders. 
 polycrystalline. Some showing signs of  QUARTZ - well rounded and spherical,  
 thermal decomposition to CaO with a generally high relief.  Occasionally  
 one or more diffuse borders.  Good sorting, 
  all around 0.1 mm in diameter or just  

 Common QUARTZ - generally well-rounded,  Common 
 spherical; sharp boundaries. 
 SPARITIC CALCITE - some large pieces  
 (>1mm). 
 DOLOMITE - angular, broken along  
 cleavage lines - clear to diffuse borders 

 Few Few 

 Very Few Very Few 

 Rare Rare 

 Very Rare CHALCEDONY - radial aggregate about 1  Very Rare 
 mm diameter.  One piece is part calcite/part  
 chalcedony. One piece is stained dark brown. 
  

 Textural Concentration Features 
 TCF % (Field of View) 10 % 
 TCF Composition and  Thin linear concentrations in parts of sample - streaks 0.5 to 1 mm long; darker color and with  
 Description preferred orientation.  Also - CLAY MIXTURE in patches and streaks all over - some lighter  
 than others 

 Amorphous Concentration Features 
 ACF % (Field of View) 2  % 
 ACF Composition and  Small pure nodules, most (but not all ) less than 0.1 mm in diameter; both black and red nodules  
 Description are present.  Red is smaller but higher in number. 
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 Sample ID 7 Color Red Level 3 Fabric Group 1b 
 Provenience SE1-6a-18 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description basal piece with red slip inside, cream slip outside. Two preslip incised lines, 2.5 cm apart, near  
 base. Pinkish core. 

 Artifact Description Outcurving sided bowl or dish, narrowing toward rim. 

 Stylistic Classification Matamore Dichrome: Matamore? 
 Notes Doesn't quite fit Matamore Dichrome type - may be local variant.  Not drawn. 

 Fabric Description 
 Comments on Microstructure 
 Voids Mostly meso-vughs with a few micro-vughs and vesicles; most voids contain calcite reaction rims 

 Porphyric-related distribution Single- or double-spaced 
 Preferred Orientation Very slight PO 

 Comments on Groundmass Complex groundmass - clay platelets relatively large 
 Homogeneity Gradually gets darker to the bottom (exterior, non-slipped side) 

 Optical State Optically slightly active 
 B-Fabric Type Crystallitic and speckled b-fabric 
 Color: PPL 10YR 6/8 yellowish brown @ 100x 
 Color: XPL 10YR 5/8 brownish yellow @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 25:75 Coarse:Fine ratio (area) 90:10 
 Mode 0.05 mm Sorting Moderate 
 Range 0.01 to 1.3 mm 
 Shape Generally angular to subangular 
 Fabric: Inclusions: Voids Ratio 47:40:13 
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 Coarse Inclusions Fine Inclusions 
 Predominant CALCITE - crystalline - subhedral, generally Predominant CALCITE - round calcitic dust, probably  
  diffuse to clear boundaries - about 20% is  90% of fine fraction 
 polycrystalline. Some showing signs of  
 thermal decomposition to CaO. 

 Dominant Dominant 

 Frequent Frequent 

 Common Common 

 Few SPARITIC CALCITE - clear to diffuse  Few QUARTZ - spherical and rounded. 
 boundaries. 
 QUARTZ - grains sometimes >0.5 mm  
 diameter. 
 DOLOMITE - euhedral rhombs, clear  
 boundaries. 

 Very Few Very Few 

 Rare MICRITE Rare 
 MUDSTONE - angluar but cracks from wear 
  visable, diffuse boundaries 

 Very Rare SANDSTONE - dark brown color, clast- Very Rare 
 supported  with a distorted shape and diffuse  
 boundaries. 

 Textural Concentration Features 
 TCF % (Field of View) 30 % 
 TCF Composition and  Similar to SH-3, clays of green/yellow, red, orange, black, and dark brown are present in all  
 Description shapes and sizes; usually distorted, sometimes elongated.  These TCFs possess their own strong  
 birefringence and usually have a calcitic mineralogy. Represents CLAY PELLETS, poor CLAY  
 MIXING. 
 Amorphous Concentration Features 
 ACF % (Field of View) 12 % 
 ACF Composition and  Relatively large amount of small red pure nodules dotting the section.  Hematite staining? 90%  
 Description are pure, <0.1 mm; larger ones appear to be more impregnated. 
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 Sample ID 8 Color Unslipped Level 3 Fabric Group 1b 
 Provenience Se1-6a-18 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Rim sherd, fire clouding and crazing present - differential firing (mostly red paste, some areas  
 black) 

 Artifact Description Tecomate bowl - incurving bowl with restricted orifice; round rim. 

 Stylistic Classification Richardson Peak Unslipped: Richardson Peak 
 Notes Lopez phase. May also be Copetilla Unslipped (Bladen or Swasey) - dates to Middle Preclassic or  
 earlier, most likely, based on form.  D #52 

 Fabric Description 
 Comments on Microstructure 
 Voids Mostly meso-vughs - some macro and mega-vughs, though these are relatively rare.  Planar voids  
 noted in one place but might be inside of an ARF fragment.  Not particularly voidy microstructure. 

 Porphyric-related distribution Double- to open-spaced for coarse and fine, but occasionally get groupings of close- 
 spacing for fine fraction 

 Preferred Orientation Yes - not strong PO 

 Comments on Groundmass Lots of red nodular staining 
 Homogeneity Bottom (interior edge) is slightly lighter toward the center. Middle core lengthwise has a higher  
 concentration of magnanese staining and dark inclusions, giving it a darker look.  Also, there are lots 
  of patches and swirls of different clays - olive green, dark brown, black; some areas of the clay  
 matrix show cracks 

 Optical State Optically active 
 B-Fabric Type Slightly developed mosaic speckled; stipple speckled 
 Color: PPL 7.5YR 5/6 strong brown @ 100x 
 Color: XPL 7.5YR 3/3 dark brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 10:90 Coarse:Fine ratio (area) 80:20 
 Mode 0.01 Sorting Moderate to poor 
 Range 0.01 to 1.35 mm 
 Shape Generally quite angular and moderately spherical to non-spherical 
 Fabric: Inclusions: Voids Ratio 75:18:7 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - sharp to diffuse borders, all  
 different shapes and ranges of angularity 

 Dominant Dominant 

 Frequent CALCITE - crystalline - subhedral in shape  Frequent 
 for the most part; most are <0.5 in size or  
 so, a few are larger.  They have sharp to  
 diffuse borders and are moderately round and 
  moderately spherical.  Some areas show  
 distinct thermal decomposition ( part of  
 crystal is missing). 

 Common Common 

 Few DOLOMITE - large, euhedral dolomite  Few 
 rhombs, often showing twinning parallel to  
 the short diagonal. Large in size, 0.5 mm or  
 larger for the most part. 

 Very Few SPARITIC CALCITE - large, with clear  Very Few 
 boundaries, generally >1 mm. 

 Rare MICRITIC CLOT - small in size, likely due  Rare QUARTZ 
 to calcitic thermally decomposing to CaO.   
 Only a few - 0.3 to 0.5 mm in size. 
 MUDSTONE - with calcite and quartz  
 inclusions.  Angular, clear borders, but  
 showing slight cracks from stress. 
 QUARTZ - monocrystalline, about 0.15  
 mm or smaller - occasionally showing  
 weathering 
 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 35 % 
 TCF Composition and  Lots of swirls, patches, and streaks of color differentiation. CLAY PELLETS and CLAY   
 Description MIXING PRESENT - multiple colors represented.  Granostriated b-fringence present in  
 inclusions, but not around these TCFs; some are layered with ACF nodules and some are  
 noticably lacking them. Occasional concentrations of mineral inclusions, which are sometimes  
 quite apparent, and are usually accompanied with subtle fabric changes; these are likely related. 

 Amorphous Concentration Features 
 ACF % (Field of View) 25 % 
 ACF Composition and  Very high ACF percentage - most take the form of very small (0.01 to 0.1 mm) impregnative  
 Description red (2.5YR 3/6 dark red) nodules spread more or less uniformly throughout the fabric. Maybe  
 10% of ACFs take the form of pure black or dark red nodules with clear borders. One long red  
 streak, impregnative with diffuse borders, which goes for 1.8 mm in length. 
 Some large black staining also present; slightly to moderately impregnative nodules with clear to  
 diffuse borders, 0.2 to 0.8 mm in size.  They have their own voids with a similar mineralogy to  
 the micromass; a close examination shows the continuation of the clay. 
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 Sample ID 9 Color Black Level 3 Fabric Group 1c 
 Provenience SE1-6a-18 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Black core, very coarse (calcitic); Slipped cream on exterior, interior rim; rest is black unslipped 

 Artifact Description Likely bowl or dish with straight sides and direct, rounded rim, at slightly oblique angle to base 

 Stylistic Classification No direct comparison 
 Notes Nothing compares directly to this style; closest is Quamina Cream: Quamina in Bladen.  Core is very  
 dark, uniformly.  May be import, though mineralogy fits perfectly. 
 Olmecish-looking? White-rimmed blackware.  D # 54 

 Fabric Description 
 Comments on Microstructure 
 Voids Micro- and meso-vughs, mostly the latter - very few if anyin excess of 0.5 mm diameter.  Calcite  
 reaction rims are present in some voids. 

 Porphyric-related distribution Close-spaced in fine fraction, single- and double-spaced in coarse 
 Preferred Orientation Very slight 

 Comments on Groundmass Very dense fine fraction.  White slip present on one side - thick, uneven, not normal for  
 other slipped sherds from San Estevan. 

 Homogeneity There is a band alongside the  exterior vessel edge that is noticably "darker." The calcitic inclusions  
 are much less dense with a nearly absent fine fraction; however, there is a much larger concentration  
 of micritic clots. This is a gradual change, perhaps beginning 0.9 to 1.2 mm away from edge. 
 Optical State Optically very slightly active 
 B-Fabric Type Crystallitic 
 Color: PPL 7.5 YR 3/1 Very dark gray @ 100x 
 Color: XPL 7.5 YR 2.5/1 Black @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 5:95 Coarse:Fine ratio (area) 78:22 
 Mode Bimodal - 0.12 and 1 mm Sorting Poor 
 Range 0.01 to 1.82 mm 
 Shape Quartz is rounded, pieces >0.15 mm are angular to subangular, non-spherical 
 Fabric: Inclusions: Voids Ratio 63:23:14 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - fine calcitic dust, close- 
 spaced. Often blurry edges, blending in  
 with groundmass. 

 Dominant SPARITIC CALCITE - large chunks, 0.4 to  Dominant 
 >1.5 mm, of relatively fine-grained  
 material.  Sharp boundaries; highly angular  
 fragments with mostly absent sphericity;  
 some near the edges show alteration. 

 Frequent Frequent 

 Common QUARTZ - monocrystalline, varying sizes -  Common 
 moderate angularity, no weathering or  
 alteration 

 Few DOLOMITE - euhedral crystals Few 
 CALCITE - crystalline, smaller than usual  
 (range of 0.2 to 0.4 mm), euhedral to  
 subhedral 
 MICRITIC CLOTS - generally clear  
 boundaries, often contain still visible  
 structures (one piece has remnant calcite  
 rhombs).  Much higher frequency near  
 slipped edge. Product of thermal  
 Very Few Very Few QUARTZ - small quartz is distinctive from 
  calcitic dust due to sharp edges and more  
 spherical shape. 

 Rare Rare 

 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 5  % 
 TCF Composition and  All take form of higher concentration of altered calcite/micritic clots (and depletion of unaltered 
 Description  calcite)  near the slipped edge.  White slip may be calcitic? Resembles thermally decomposed  
 micrite. 

 Amorphous Concentration Features 
 ACF % (Field of View) 3  % 
 ACF Composition and  Very occasional black pure nodule with diffuse boundaries 
 Description 
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 Sample ID 10 Color Unslipped Level 3 Fabric Group 1a 
 Provenience SE1-6a-20 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Rim sherd, grey paste - bottle spout, moderately coarse 

 Artifact Description Vertical or slightly tapered bottle with exteriorly folded rim and beveled out lip 

 Stylistic Classification Richardson Peak Unslipped: Richardson Peak 
 Notes Lopez. May be Copetilla Unslipped; Middle Preclassic, Mamon Sphere.  Pring (1977) says Lopez  
 complex present at SE; doesn't mention SE for other complexes. D # 79 

 Fabric Description 
 Comments on Microstructure 
 Voids Almost all are meso-vughs, and almost all contain calcite reaction rims 

 Porphyric-related distribution close-spaced to single-spaced for both fractions 
 Preferred Orientation Yes 

 Comments on Groundmass Strong presence of red nodular staining again 
 Homogeneity Yes, completely 

 Optical State Optically very slightly active 
 B-Fabric Type Undifferentiated 
 Color: PPL 7.5YR 4/3 brown @ 100x 
 Color: XPL 7.5YR 3/3 dark brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 10:90 Coarse:Fine ratio (area) 87:13 
 Mode 0.2 mm Sorting Poor 
 Range 0.03 to 2.4 mm 
 Shape Mixture; larger pieces do seem more angular 
 Fabric: Inclusions: Voids Ratio 61:34:5 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - diffuse borders, some angular,  
 some round 

 Dominant SPARITIC CALCITE - large, subhedral  Dominant 
 fragments.  Good relief and sharp borders,  
 with moderate angularity and sphericity. 

 Frequent Frequent 

 Common CALCITE - crystallitic. Subhedral but  Common 
 angular shape, with clear to diffuse borders.   
 Show a yellower, weathered surface but good  
 relief; often polycrystalline. 
 DOLOMITE - euhedral to subhedral  
 crystals, sharp angularity, often with  
 twinning parallel to the short diagonal. 

 Few QUARTZ - often yellowish in hue - round  Few 
 and spherical 

 Very Few CHALCEDONY - radial, often angular - one Very Few QUARTZ - mostly well-rounded, though  
  piece is in an aggregate calcite rhomb few angular inclusions 
 MICRITE 

 Rare Rare 

 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 0  % 
 TCF Composition and  None present. 
 Description 

 Amorphous Concentration Features 
 ACF % (Field of View) 5  % 
 ACF Composition and  Occasionally a small (0.1 mm) impregnative black nodule occurs. 
 Description 
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 Sample ID 11 Color Black Level 3 Fabric Group 1b 
 Provenience SE1-6b-20 Calcareous Inclusions Yes Volcanic Inclusions Small  
 Sherd Description Rim sherd, lighter grey glossy slip onboth sides; fire clouding visible; light grey paste 

 Artifact Description Gently outcurving sided dish or plate with direct rounded rims. 

 Stylistic Classification Closest is Pital Cream: Unspecified 
 Notes Could be Pital Cream (Flores Waxy Ware, Pital Group) with extensive fire-clouding 
 Doesn't quite seem to fit though. 
 Mamon Sphere (Lopez?) Not drawn. 

 Fabric Description 
 Comments on Microstructure Very vughy microstructure. 
 Voids Lots of vughs - ranging from <0.1 mm to about 2 mm in diameter.  One or two irregular channel  
 shaped vughs - lots of voids associated with partially decomposed limestone and micrite fragments,  
 but few contain calcite reaction rims 

 Porphyric-related distribution Single-spaced for coarse fraction, double-spaced for fine 
 Preferred Orientation Yes, though not very strong 

 Comments on Groundmass 
 Homogeneity Large dark stain in center, but it contains voids and P-R distribution is the same.  Also, one edge has  
 a slightly darker band across the top. 

 Optical State Optically active 
 B-Fabric Type Speckled, with crystallitic b-fabric in spots; definite granostriated b-fabric. 
 Color: PPL Edge: 5YR 3/4 dark reddish brown; Core: 10YR 5/6 yellowish brown @ 100x 
 Color: XPL Edge: 7.5YR 3/4 dark brown; Core: 10YR 4/6 dark yellowish brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 5:95 Coarse:Fine ratio (area) 75:25 
 Mode Bimodal? 0.06 and 0.3 Sorting Moderately poor 
 Range 0.03 to 1.15 mm 
 Shape Angular with moderate sphericity 
 Fabric: Inclusions: Voids Ratio 62:26:12 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - subhedral, with clear to diffuse 
  borders 

 Dominant CALCITE - crystallitic. Subhedral to  Dominant 
 anhedral in shape, but with clear boundaries.  
  High relief. Much of the calcite showing  
 signs of thermal decomposition.  Some large 
  polycrystalline fragments present. 

 Frequent SPARITIC CALCITE Frequent 
 MICRITE - showing lots of holes, infilling  
 of voids 

 Common Common 

 Few QUARTZ - most is polycrystalline, extreme Few 
  weathering and cracking. 

 Very Few Pumice-like VOLCANIC GLASS - bulbous  Very Few 
 form with vughy microstructure. 

 Rare Rare QUARTZ 

 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 10 % 
 TCF Composition and  Some concentrations of differently colored micromass/structures; birefringence is the same as  
 Description the clay.  Mineralogy is the same, but these concentrations show cracks - black, green, and  
 brown; generally diffuse to merging borders.  Poorly dried CLAY PELLETS? 
 Also, on one side, all the clay platelets are aligned in extinction and birefringence, all laying flat  
 parallel to shape of sherd.  Product of BURNISHING? 

 Amorphous Concentration Features 
 ACF % (Field of View) 10 % 
 ACF Composition and  Black pure nodules with usually diffuse borders.  One huge impregnative hypocoating present (2  
 Description mm by 1.5 mm) surrounding a long void - extends much further in one direction than the other. 
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 Sample ID 12 Color Unslipped Level 4 Fabric Group 1a 
 Provenience SE1-6b-39 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Rim, flares from thinner body - buff/pink color, some differential firing as thickness of wall  
 increases 

 Artifact Description Vertically-sided jar with external thickening on the rim 

 Stylistic Classification Unknown 
 Notes Sherd is too small and too destroyed by thin section production to correctly identify ware and  
 ceramic complex.  D # 75. 

 Fabric Description 
 Comments on Microstructure Fine fraction is very tightly packed 
 Voids Predominantly meso-vughs with very few micro-vughs and no macro-vughs. 

 Porphyric-related distribution Close-spaced in fine fraction and single- to double-spaced for coarse fraction 
 Preferred Orientation Weak to moderate PO 

 Comments on Groundmass 
 Homogeneity Exterior side is darker; gradation begins about halfway through sherd.  Has more moderate sherds  
 whereas lighter half has stronger bimodality. 

 Optical State Optically somewhat active 
 B-Fabric Type Moderately developed crystallitic b-fabric; stipple speckled also present. 
 Color: PPL Exterior side: 10YR 4/4 dark yellowish brown. Interior edge: 10YR 5/8 yellowish brown @ 100x 
 Color: XPL Exterior side: 10YR 3/3 dark brown. Interior side: 10YR 5/6 yellowish brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 9:91 Coarse:Fine ratio (area) 73:27 
 Mode Bimodal - 0.09 and 0.6 mm Sorting Poor 
 Range 0.01 to 1.82 mm 
 Shape Larger inclusions are angular with moderate to very poor sphericity; smaller ones (<0.1 mm) are subangular with  
 Fabric: Inclusions: Voids Ratio 56:38:6 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - not quite calcitic dust;  
 relatively large in size. 

 Dominant CALCITE - crystalline. Moderate  Dominant 
 angularity, sphericity; subhedral.  20% is  
 polycrystalline. Clear boundaries, high relief. 

 Frequent Frequent 

 Common SPARITIC CALCITE - same shape as  Common 
 crystalline calcite, though slightly less  
 angular. Clear boundaries, high relief. 
 DOLOMITE - subhedral to anhedral  
 crystals; clear boundaries with high relief. 

 Few MICRITE - may contain a few inclusions;  Few 
 diffuse boundaries. 
 MICRITIC CLOT - result of CaO thermal  
 decompostion. 

 Very Few Very Few QUARTZ - not well rounded mut most  
 show evidnece of weathering. 

 Rare MUDSTONE - angular with diffuse borders. Rare 

 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 0  % 
 TCF Composition and  Not present. 
 Description 

 Amorphous Concentration Features 
 ACF % (Field of View) 2  % 
 ACF Composition and  Very small red nodules. 
 Description 
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 Sample ID 13 Color Red Level 4 Fabric Group 1a 
 Provenience SE1-6b-39 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Red slipped rim sherd; slip is soft and very scratched; pink/buff paste with gray core (differential  
 firing); relatively coarse 

 Artifact Description Vertical or slightly incurving sided serving dish with direct rim and round lip. 

 Stylistic Classification Consejo Red: Estrella Variety 
 Notes Bladen Complex, Xe? Sphere.  Not drawn. 

 Fabric Description 
 Comments on Microstructure 
 Voids Mostly meso-vughs, very few micro-vughs; some have calcite reaction rims, though this amount is  
 probably less than 10% 

 Porphyric-related distribution Close- to single-spaced for fine fraction; single- to double-spaced for coarse 
 Preferred Orientation No (though this could be due to cut) 

 Comments on Groundmass Lots of fine inclusions; relatively high amount of dark magnanese staining 
 Homogeneity Band 0.1 to 0.15 mm thick on one edge that contains a higher concentration of micritic clots;  
 underneath slip. 

 Optical State Optically very slightly active 
 B-Fabric Type Undifferentiated and crystallitic 
 Color: PPL 10YR 3/3 dark brown @ 100 
 Color: XPL 10YR 3/3 dark brown @ 100 

 Inclusions 
 Coarse:Fine ratio (num) 6:94 Coarse:Fine ratio (area) 85:15 
 Mode Bimodal - 0.1 mm and 0.75 mm Sorting Good within inclusional modes, but poor overall 
 Range 0.02 to 1.4 mm; Quartz is under 0.45 and coarse calcite all larger than 0.5 mm 
 Shape Coarse: moderate angularity, poor sphericity. 0.15 and smaller: rounded and spherical. 
 Fabric: Inclusions: Voids Ratio 60:35:5 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant 

 Dominant Dominant CALCITE - fine, weathered with blurry  
 borders. 

 Frequent SPARITIC CALCITE - high relief, clear  Frequent 
 boundaries, very angular with low sphericity. 
   Contains small to medium sized grains.  
 Mode is around 0.8 mm, much larger than  
 other minerals. 
 CALCITE - crystallitic.  Angular; smaller  
 than sparitic calcite, with sharp borders and  
 frequent twinning. 

 Common QUARTZ - moderate sphericity, subangular  Common 
 - smaller mode (around 0.25 mm); not much 
  evidence of weathering. 

 Few Few QUARTZ - small - similar condition to  
 coarse quartz 

 Very Few MICRITIC CLOTS - angular, large in size,  Very Few 
 often with interior structure still visible;  
 probably decomposition product from  
 sparitic calcite 
 GROG - angular, with largely diffuse or  
 merging borders.  Can differentiate by  
 difference in matrix color, concentration of  
 inclusions, or the presence of a slip. 

 Rare Rare 

 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 8  % 
 TCF Composition and  There are some small patches of (non-grog) change in matrix color - orange, some red, mostly  
 Description brown/black; intensification of mieral inclusion density and often with a higher birefringence in  
 groundmass. 
 Also a band on slipped edge, 0.1 to 0.15 mm thick, that contains a higher percentage of micritic  

 Amorphous Concentration Features 
 ACF % (Field of View) 12 % 
 ACF Composition and  3/4 of ACFs take the form of black or dark brown impregnative nodule stains. Rest composed of  
 Description pure black/dark red nodules or hypocoatings around a few voids or sparitic calcite grains. 
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 Sample ID 14 Color Unslipped Level 5 Fabric Group 1a 
 Provenience SE1-6a-10 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Thick square rim - dark gray to dark buff paste, carbonate inclusions visible.  Evidence of a broken  
 handle. 

 Artifact Description Short to medium outcurving/slightly flaring necked jars withthickened rim and square lip 

 Stylistic Classification Copetilla Unslipped: Gallon Jug 
 Notes Bladen Complex, Xe? Sphere.  Not drawn. 

 Fabric Description 
 Comments on Microstructure 
 Voids Very vughy microstucture - almost entirely meso-vughs, some macro-vughs (0.6 to 1 mm).  Most  
 probably in range 0.25 to 0.35 mm, though some as small as 0.05 mm. Many are attachted to highly  
 weathered inclusions or have calcite reaction rims.  A few exceptions: One long vugh, approximately 
  4 mm long, feeding into upper edge - probably crack in fabric. Another exception: one long vugh, 6  
 mm long, extending from edge - another crack or possibly a poorly joined coil. 

 Porphyric-related distribution Close- to single-spaced for all 
 Preferred Orientation Moderately evident, but in vertical direction (usually horizontal); corresponds to type of thin  
 section cut? 

 Comments on Groundmass Inclusions are mostly partially thermally decomposed 
 Homogeneity Yes 

 Optical State Optically active 
 B-Fabric Type random and mosaic speckled 
 Color: PPL 10YR 6/6 brownish yellow @ 100x 
 Color: XPL 10YR 4/4 dark yellowish brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 10:90 Coarse:Fine ratio (area) 89:11 
 Mode 0.15 mm Sorting Moderate 
 Range 0.02 to 1.25 mm 
 Shape 
 Fabric: Inclusions: Voids Ratio 43:42:15 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - crystallitic - high relief,  
 birfringent; more yellowish in color than  
 coarse fraction. 

 Dominant CALCITE - crystallitic - large to medium in  Dominant 
 size, subhedral to euhedral.  High angularity  
 with sharp to clear boundaries.  Poor to  
 absent sphericity, and often showing good  
 cleavage and twinning. 

 Frequent Frequent 

 Common DOLOMITE - euhedral crystals, very  Common 
 rhomboidal structure with cleavage parallel  
 to the short diagonal. Very high  
 birefringence. 
 Few Few QUARTZ 

 Very Few SPARITIC CALCITE - moderate angularity  Very Few 
 and sphericity; clear boundaries 
 QUARTZ - good boundaries and high relief 
  

 Rare Rare 

 Very Rare Very Rare TOURMALINE (?) - euhedral (oval) -  
 small, very high relief with strong  
 birefringence; only one sample, unsure of  
 identification. 

 Textural Concentration Features 
 TCF % (Field of View) 0  % 
 TCF Composition and  None present 
 Description 

 Amorphous Concentration Features 
 ACF % (Field of View) 5  % 
 ACF Composition and  Mostly small black pure nodules - occasional void hypocoating 
 Description 
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 Sample ID 15 Color Black Level 5 Fabric Group 1d 
 Provenience SE1-6a-10 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Thin red core with black interior; fine black slip covering both sides.  Double V-hump (dragoon)  
 design on exterior. Fine paste. 

 Artifact Description Vertically sided vessel with double-V hump decoration on exterior 

 Stylistic Classification Similar to Machaca Black: Wamil or Machaca. 
 Notes Bladen or Swasey Complexes.  Early/Middle Formative.  Not drawn. 

 Fabric Description 
 Comments on Microstructure Much finer than other samples - structure is pocketed by tiny voids 
 Voids Micro- and meso-vughs. Often coupled with partially decomposed calite or calcite reaction rims.   
 Some larger elongated channel-like vughs (>1mm) are present also. 

 Porphyric-related distribution Fine fraction is very dense - close-spaced. Open-spaced for coarse fraction. 
 Preferred Orientation Yes; PO is moderate to strong. 

 Comments on Groundmass Very calcareous clay 
 Homogeneity Exterior edge begins getting a darker red color about 1 mm from exterior (slipped) edge 

 Optical State Optically very active 
 B-Fabric Type Mostly crystallitic; some random stipple speckled. 
 Color: PPL Exterior edge: 2.5YR 2.5/4 dark reddish brown. Interior: 10YR 5/6 yellowish brown @ 100x 
 Color: XPL Exterior edge: 2.5YR 2.5/3 dark reddish brown. Interior: 7.5 YR 4/4 brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 5:95 Coarse:Fine ratio (area) 72:28 
 Mode 0.05 Sorting Well-sorted 
 Range 0.01 to 0.6 mm; one or two inclusions around 1 mm, but missing part due to thermal decomposition 
 Shape Relatively round and spherical 
 Fabric: Inclusions: Voids Ratio 67:28:10 
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 Coarse Inclusions Fine Inclusions 
 Predominant MICRITE - highly birefringent; some of it is Predominant CALCITE - small birefringent crystals;  
  showing thermal decomposition.  Diffuse  calcitic dust 
 borders but moderate angularity and  
 sphericity.  Not particularly prominent due  
 to similar color and birefringence of  

 Dominant Dominant 

 Frequent Frequent 

 Common Common 

 Few SPARITIC CALCITE - fine grained, larger  Few 
 than micrite but not extremely so. Similar  
 shape and makeup as micrite. 

 Very Few QUARTZ Very Few 

 Rare Rare QUARTZ 

 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 14 % 
 TCF Composition and  Most of it is on the darker red band on exterior edge; gradual increase in density of color. Also,  
 Description some darker CLAY PELLETS are present (brown, green, red); bright colors, equant and oval in  
 shape - no mineralogies but are birefringent.  Also could be LITHIFIED CLAY FRAGMENTS (?) 

 Amorphous Concentration Features 
 ACF % (Field of View) 10 % 
 ACF Composition and  Most take the form of red, impregnative nodules; minerals near the exterior edge have a small  
 Description hypocoating. 
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 Sample ID 16 Color Black Level 5 Fabric Group 1a 
 Provenience SE1-6a-10 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Rim sherd, weathered, coarse; black slip on rim (easily flaked) and possible cream slip on interior  
 below rim.  Exterior unslipped below rim. 

 Artifact Description Vertical or slightly incurving sided bowl or dish with direct rim and rounded lip 

 Stylistic Classification No direct comparisons 
 Notes No direct comparison to Kosakowsky's or Pring's typologies. 
 Not drawn. 

 Fabric Description 
 Comments on Microstructure Not very many voids 
 Voids Vughs, though not very porous structure.  Mostly meso-vughs, thoughs ome macro-vughs that result  
 from thermally decomposed inclusions. 

 Porphyric-related distribution Single-spaced 
 Preferred Orientation No, but may be due to longitudinal cut 

 Comments on Groundmass High percentage of micritic clots, and dolomite. 
 Homogeneity yes 

 Optical State Optically active 
 B-Fabric Type Stipple speckled 
 Color: PPL 10YR 4/6 dark yellowish brown @ 100x 
 Color: XPL 10YR 3/4 dark yellowish brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 5:95 Coarse:Fine ratio (area) 72:28 
 Mode Bimodal: 0.05 and 0.5 mm Sorting Moderate 
 Range 0.02 to 1.1 mm 
 Shape Larger pieces are angular and non-spherical 
 Fabric: Inclusions: Voids Ratio 63:27:10 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - crystallitic fragments, often  
 diffuse/merging boundaries, show up as  
 bright crystals in the micromass. Can  
 sometimes be difficult to differentiate  
 between this and crystallitic clay  
 birefringence. 

 Dominant MICRITIC CLOTS - many show low  Dominant 
 sphericity; sharp/diffuse to diffuse borders.  
 Many show signs of being in a state of  
 thermal decomposition, luch as parts  
 missing or blurry internal structures. 

 Frequent SPARTITIC DOLOMITE - darker, more  Frequent 
 brown than sparitic calcite; lots of  
 weathering.  Sometimes cement or rhomb  
 stained with ferrous oxide; could be  
 fragments of dolomitic limestone. 

 Common CALCITE/DOLOMITE - crystallitic  Common 
 rhombs; amount of weathering made it  
 difficult to differentiate.  Subhedral,  
 yellowish color; occasionally contain red  
 iron staining; show signs of weathering and  

 Few Few 

 Very Few QUARTZ - round, sharp boundaries Very Few QUARTZ 

 Rare Rare 

 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 0  % 
 TCF Composition and  None present 
 Description 

 Amorphous Concentration Features 
 ACF % (Field of View) 15 % 
 ACF Composition and  Mostly small red impregnative nodules; some black or darker red pure nodules.  Most are very  
 Description small; one or two angular pure nodules are larger, around 0.5 mm - opaque minerals? 
 Larger inclusions have impregnative hypocoatings. 
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 Sample ID 17 Color Red Level 5 Fabric Group 3 
 Provenience SE1-6a-10 Calcareous Inclusions very  Volcanic Inclusions Possib 
 Sherd Description Rim sherd; thick vessel walls, slip is orange-red and is not particularly waxy; paste is orange/buff  
 with a slightly grayer core; porous, appears to disintegrate easily 

 Artifact Description Wide-mouthed, vertical or slightly outflaring sided vessel - jar? Large, thick walls 

 Stylistic Classification Honey Camp Orange-brown: Honey Camp 
 Notes Bladen Complex, Xe? Sphere.  Not drawn. 

 Fabric Description 
 Comments on Microstructure High percentage of voids; as much void as fabric 
 Voids Complex packing voids 

 Porphyric-related distribution Generally open-spaced for both fractions 
 Preferred Orientation Some PO present in void shapes and directions; not strong 

 Comments on Groundmass Relatively low percentage of inclusions 
 Homogeneity Lighter, more brownish strips on edges; corresponds to pink differential firing strips in hand  
 specimen 

 Optical State Optically somewhat active; more evident on edges 
 B-Fabric Type Stipple speckled 
 Color: PPL Core: 10YR 3/2 very dark grayish brown.  Edges: 10YR 3/3 dark brown @ 100x 
 Color: XPL Core: 10YR 3/1 very dark gray.  Edges: 5YR 3/3 dark reddish brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 13:87 Coarse:Fine ratio (area) 82:18 
 Mode 0.1 mm Sorting Good 
 Range 0.02 to 0.6 for quartz; one ARF (micrite) over 2 mm 
 Shape Predominantly spherical, rounded 
 Fabric: Inclusions: Voids Ratio 34:10:56 
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 Coarse Inclusions Fine Inclusions 
 Predominant QUARTZ - subangular, often showing  Predominant QUARTZ 
 undulating extinction.  Varying sizes. 

 Dominant Dominant 

 Frequent Frequent 

 Common Common 

 Few Few 

 Very Few Very Few 

 Rare MICRITE - lighter colored and angular,  Rare ORTHOPYROXINE (?) 
 irregular rock fragment with quartz grains  
 imbedded in it; probably CALCITIC  
 LIMESTONE material. 

 Very Rare ORTHOPYROXINE (?) - small, anhedral -  Very Rare 
 fracture lines visible.  High relief and good  
 boundaries.  Unsure of identification. 

 Textural Concentration Features 
 TCF % (Field of View) 10 % 
 TCF Composition and  Higher concentration of birefringence near lighter colored edges 
 Description 

 Amorphous Concentration Features 
 ACF % (Field of View) 5  % 
 ACF Composition and  Small, lightly impregnative to pure red nodules 
 Description 
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 Sample ID 18 Color Red Level 6 Fabric Group 2b 
 Provenience SE1-6a-34 Calcareous Inclusions Yes Volcanic Inclusions Yes 
 Sherd Description Light gray/buff paste; unslipped on exterior, orange/red slip on interior and rim 

 Artifact Description Outward flaring bowl or dish with slight thickening of rim and rounded lip 

 Stylistic Classification local variant of Petteville Red-and-cream: Unnamed 
 Notes Local variety (probably) leaves exterior unslipped rather than giving it a cream or buff colored slip.   
 Swasey complex. D #40. 

 Fabric Description 
 Comments on Microstructure 
 Voids Mostly vughs, infrequent; meso-vughs, a few slightly larger (around 0.6 mm).  3 or 4 vughs are >2  
 mm - curved with curvature of sherd; one clearly associated with large volcanic glass inclusion 

 Porphyric-related distribution Close-spaced 
 Preferred Orientation Moderate PO 

 Comments on Groundmass Strange mixture of volcanic glass, few other igneous minerals, and micritic sedimentary  
 Homogeneity Yes 

 Optical State Optically very slightly to slightly active 
 B-Fabric Type Stipple speckled 
 Color: PPL 10YR 4/6 dark yellowish brown @ 100x 
 Color: XPL 10YR 4/6 dark yellowish brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 15:85 Coarse:Fine ratio (area) 80:10 
 Mode 0.15 Sorting Moderate 
 Range 0.02 to 1.1 mm 
 Shape 
 Fabric: Inclusions: Voids Ratio 45:47:8 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant 

 Dominant MICRITIC CLOTS - diffuse borders,  Dominant 
 generally rounded but moderate sphericity;  
 some evidence of thermal decomposition  
 present. Subhedral to anhedral. Some  
 structures still visible, including shell  
 fragments inside of micritic clot boundaries. 

 Frequent VOLCANIC GLASS - Pumice. Mostly blade  Frequent VOLCANIC GLASS - angular pumice. -
 like or acicular, but some rounded inclusions  MICRITIC CLOTS - small with diffuse  
 with layering structure.  Few fragments  borders. 
 present inside rhyolite fragments. 

 Common Common QUARTZ 

 Few QUARTZ - angular, mostly on smaller end  Few BIOTITE - small lathes but still distinct  
 of spectrum biotite structure. 
 PLAGIOCLASE FELDSPAR 

 Very Few PLAGIOCLASE FELDSPAR - twins are  Very Few CHALCEDONY 
 small; inclusions are small, size of quartz,  
 can be difficult to differentiate; angular. 
 BIOTITE - fuzzy borders (sharp/diffuse).  
 Brown and lathelike - generally <0.20 in  
 length. 
 CHALCEDONY - small, quartz alteration -  
 usually radial chalcedony with zoning. 
 ARGILLACEOUS ROCK FRAGMENTS -  
 good borders, generally, with similar  
 mineralogy to sherd.  Birefringence present  
 but showing cracks. Similar color to clay  
 mass. 
 RHYOLITE - angular rock fragments.  
 Porous, often containing quartz and pumice  
 Rare Rare 

 Very Rare Very Rare 

 Textural Concentration Features 
 TCF % (Field of View) 0  % 
 TCF Composition and  None present. 
 Description 

 Amorphous Concentration Features 
 ACF % (Field of View) 2  % 
 ACF Composition and  Pure black nodules. 
 Description 
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 Sample ID 19 Color Unslipped Level 6 Fabric Group 1a 
 Provenience SE1-6a-41 Calcareous Inclusions Yes Volcanic Inclusions No 
 Sherd Description Flat rim sherd - extremely thick rim (>3 cm) with very small body (0.2 cm); buff exterior and  
 thick, dark gray core on inside.  Broken handle. Smooth surface for unslipped vessel. 

 Artifact Description Slightly incurving sided jar, with slightly restricted opening; extreme exterior thickening of rim  
 with square lip; evidence of handle attached to lower side of outflaring rim 

 Stylistic Classification Local variant of Copetilla Unslipped: Copetilla Variety 
 Notes Variation is in incurving of mouth and thickening of rim, as well as dark core.  Swasey  
 Complex/Sphere. Drawn #64. 

 Fabric Description 
 Comments on Microstructure 
 Voids A few micro-vughs but mostly meso-vughs. Voids are infrequent.  Really only one void >0.5 mm; 1.1 
  mm in length with a relatively regular shape. Voids clearly contain calcite reaction rims. 

 Porphyric-related distribution Close- to single-spaced. 
 Preferred Orientation Very slight PO; spherical inclusions so difficult to tell. 

 Comments on Groundmass 
 Homogeneity Slighly lighter bands (0.3 to 0.4 mm wide) on either edges. 

 Optical State Optically active 
 B-Fabric Type Moderately developed mosaic speckled; granostriated 
 Color: PPL Edges: 10YR 4/6 dark yellowish brown. Core: 10YR 3/3 dark brown @ 100x 
 Color: XPL Edges: 10YR 4/6 dark yellowish brown. Core: 10YR 3/3 dark brown @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 12:88 Coarse:Fine ratio (area) 85:15 
 Mode 0.11 mm Sorting Moderate to poor 
 Range 0.02 to 1.3 mm 
 Shape 
 Fabric: Inclusions: Voids Ratio 50:42:8 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant CALCITE - sharp/diffuse borders. 

 Dominant CALCITE - crystallitic. Angular, with  Dominant 
 clear/sharp boundaries, high relief, and  
 euhedral to subhedral shape. 

 Frequent DOLOMITE - euhedral crystals. Angular,  Frequent 
 looks similar to calcite - more twinning  
 parallel to short diagonal. 

 Common Common 

 Few SPARITIC CALCITE - aggregate rhombs. Few QUARTZ - round, circular 

 Very Few MUDSTONE - angular fragments, with  Very Few 
 structures still visible in a few pieces. 

 Rare Rare 

 Very Rare QUARTZ Very Rare CHALCEDONY 
 CHALCEDONY - one piece, stained dark  
 red. 

 Textural Concentration Features 
 TCF % (Field of View) 0  % 
 TCF Composition and  Not present. 
 Description 

 Amorphous Concentration Features 
 ACF % (Field of View) 7  % 
 ACF Composition and  Mostly relatively large (0.1 to 0.2) pure black nodules, though some have diffuse borders. 
 Description There are also a few impregnative hypocoatings/coatings that enclose several inclusions. 
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 Sample ID 20 Color Black Level 6 Fabric Group 2a 
 Provenience SE1- 6a-41 Calcareous Inclusions No Volcanic Inclusions Yes 
 Sherd Description Rim sherd, black slip interior with dark gray unslipped exterior (fireclouding?); buff core w/  
 differential firing; thick faded double-line preslip incision below interior rim 

 Artifact Description Vertical or slightly outcurving sided dish or bowl; groove incised lines below interior rim; round lip  
 and direct rim 

 Stylistic Classification No specific comparison 
 Notes Probably early given provenience; volcanic inclusions and no direct comparison found in  
 Kosakowsky/Pring.  Drawn # 84. 

 Fabric Description 
 Comments on Microstructure Fairly fine 
 Voids Tend to be meso-vughs, though some variation in either direction. A few (10% void space) very  
 large ones with irregular edges exist; these are long and not in a uniform direction, about 2.5 mm on  
 average 
 Porphyric-related distribution Close- to single-spaced 
 Preferred Orientation Not sure, don't think so; possibly in zig-zag pattern? 

 Comments on Groundmass Very micaceous clay 
 Homogeneity Darker band fades into exterior (non-slipped) edge starting about 1 mm from edge. 

 Optical State Optically very active 
 B-Fabric Type Granostriated and porostriated b-fabric. Also appears to be some cross-striation, but that may be the  
 orientation of the inclusions. 

 Color: PPL Edge: 10YR 3/3 dark brown. Core: 10YR 6/8 brownish yellow @ 100x 
 Color: XPL Edge: 10YR 3/3 dark brown. Core: 10YR 7/8 yellow @ 100x 

 Inclusions 
 Coarse:Fine ratio (num) 10:90 Coarse:Fine ratio (area) 80:20 
 Mode 0.1 mm Sorting Good 
 Range 0.03 to 0.5 mm 
 Shape 
 Fabric: Inclusions: Voids Ratio 60:33:7 
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 Coarse Inclusions Fine Inclusions 
 Predominant Predominant VOLCANIC GLASS - pumice. 

 Dominant VOLCANIC GLASS - Pumice, mostly  Dominant 
 angular acicular fragments. Some round  
 inclusions with flowage structures. 

 Frequent Frequent 

 Common QUARTZ - small, subangular to angular,  Common QUARTZ 
 high relief, diffuse borders. 
 RHYOLITE - fragments, subangular with  
 low sphericity; often contain pumice and  

 Few CHALCEDONY - large, radial aggregates Few 

 Very Few PLAGIOCLASE FELDSPAR - small, similar Very Few PLAGIOCLASE FELDSPAR 
  size to quartz; differentiate with twinning. 

 Rare Rare 

 Very Rare ARGILLACEOUS ROCK FRAGMENT -  Very Rare CHALCEDONY 
 large, angular but spherical fragment, 1.2  
 mm diameter.  Similar color and  
 birefringence to groundmass, but not  
 micaceous in structure. Flows into  
 groundmass on one side, seperated by void  
 surrounding edge on other.  Contains small  
 inclusions of QUARTZ, RHYOLITE, and a  
 small (0.02 mm) unidentifiable igneous  
 mineral showing strong low-order  
 interference colors and high relief. 
 Textural Concentration Features 
 TCF % (Field of View) 5  % 
 TCF Composition and  Few orange clay pellets, small in size; quartz mineralogy. One large dark brown CLAY PELLET  
 Description with the same minerals. 

 Amorphous Concentration Features 
 ACF % (Field of View) 5  % 
 ACF Composition and  Pure black nodules 0.08 to 0.15 in size. 
 Description 
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APPENDIX B: CLAY SAMPLE DESCRIPTIONS 
 

CS-1 
 
Taken on 7 July 2005 
 
Location of sample: San Estevan, Operation 1, Suboperation 1C, Level 3 Lot 11, roughly 40 cm 

below datum.  East of Structure XV.  In soil of mixed clay and silty loam; limestone is 
prevalent in area.  Found in construction fill with probable modern intrusion. 

 
Description of clay: Gray clay, very fine, sticky when wet.  Contains small pebble- to sand-sized 

grains of limestone. 
 
Firing temperature: 700 degrees Celsius. 
 
Changes incurred during firing: CS-1 turned whiter and developed a chalky residue that rubbed off 

when handled. 
 
Thin Section Description: 

I. Microstructure: extremely calcareous clay, looks as if groundmass is made up entirely of 
micrite. (a) Porphyric-related distribution is open-spaced in both fractions. 

II. Groundmass 
 (a) Homogenous.  

(b) Micromass: optically slightly active; crystallitic b-fabric. Color: 5Y 8/3 pale yellow is 
closest, in both XPL and PPL. 
(c) Inclusions: c:f:v ratio (area) = 80:10:10 or so.  Mode of quartz = 0.15 mm, mode of 
calcite = 0.1 or 0.4 mm. 
Compostion 
      Coarse Inclusions 

Dominant: CALCITE – micritic clots, large in general, many over 2 mm diameter, 
often with remnant structures in interior resembling sparitic calcite before thermal 
decomposition. 
Few: QUARTZ – weathered quartz 

       Fine Inclusions 
  Predominant: QUARTZ – is only mineral that occurs in fine fraction. 

III. Textural Concentration Features 
Tcf = 0% 
IV. Amorphous Concentration Features 
Acf = 0% 
 

 
CS-3
 
Taken on 19 July 2005 
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Location of sample: San Estevan, Operation 1, Suboperation 4E, Level 4, Lot 28, 40-50 cm below 
datum (25 cm below ground level).  Below plaster floor, test unit on north side of 4E.  Possible 
midden level. 

 
Description of clay: dark brown clay, some pebble/sand sized inclusions; doesn’t form well when 

very wet, slick not sticky; when partially wet/damp, forms well. 
 
Firing temperature: 700 degrees Celsius. 
 
Changes incurred during firing: color changed from dark brown/gray to light tan/red; some 

cracking evident, which may be due to incomplete drying before firing. 
 
Thin Section Description: 

I. Microstructure: (a)Voids are vughs and contain calcite reaction rims. (b) Porphyric-related 
distribution is single-spaced in both fractions. 

II. Groundmass 
 (a) Homogenous.  

(b) Micromass: optically somewhat active; stipple speckled b-fabric. Color: 10YR 5/6 
yellowish brown in XPL and PPL. 
(c) Inclusions: c:f ratio (area) = 80:20 or so.  Texture: poor sorting – tend to be rounded but 
non-spherical.  Range = 0.02 to 3.5 mm. 
Compostion 
      Coarse Inclusions 

Predominant: QUARTZ 
Common: CALCITE – micritic clots, huge in size, with own voids, inclusions like 
quartz and micrite of different textures.  Organic shell, other structures still visible. 
Rare: calcitic shell fragments, large in size (1 to 2 mm or so). 

       Fine Inclusions 
  Predominant: QUARTZ – is only mineral that occurs in fine fraction. 

III. Textural Concentration Features 
Tcf = 5-10%; clay pellets, or lithified clay of different colors, such as dark orange, brown, and 

red. 
IV. Amorphous Concentration Features 
Acf = 5%; impregnative red nodules. 
 
 
CS-5A
 
Taken on 22 July 2005. 
 
Location of sample: New River, 2 miles west of site core.  GPS coordinates – 
 16  Q   0338639 
  2006985   (UTM) 
 Lots of organic matter, riverside bank. 
Description of clay: dark brown, very organic, similar in forming attributes as CS-3 but 

slightly more plastic. 
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Firing temperature: 700 degrees Celsius. 
 
Changes incurred during firing: lightened in color, more buff/reddish color. No cracking.  

Large black patches occurred on interior; this is likely organic material that did not leave 
the clay during firing because the maximum temperature was reached too quickly and was 
not sustained for long enough. 

 
Thin Section Description: 
I. Microstructure: (a) Porphyric-related distribution is open-spaced for fine fraction, single-

spaced for coarse fraction. 
II. Groundmass – micaceous, similar to SH-5 and 20. 
 (a) Homogenous except for blackened areas due to firing irregularities.  

(b) Micromass: optically active; strongly developed granostriated b-fabric and moderately 
developed porostriation. Color: PPL – 10YR 8/8 yellow, mottled to 10YR 5/ yellowish 
brown in some areas.  XPL – 2.5 Y 4/3 olive brown; birefringence is 10YR 7/8. 
(c) Inclusions: c:f ratio (area) = 98:2 .  Texture: mode = 0.25 mm; range = 0.02 to 0.85 
mm, 2 inclusions >3 mm (shell remnants).  Most <0.5 mm; good sortin; angular and non-
spherical shape. 
Composition 
      Coarse Inclusions 

Predominant: QUARTZ – angular, high relief, though weathering or alteration 
often present. 
Few: CALCITE – micrite and micritic clots of varying sizes, with high 
birefringence, some contain internal structures; few shell fragments showing 
thermal decomposition. 

       Fine Inclusions 
  Predominant: QUARTZ – is only mineral that occurs in fine fraction. 

III. Textural Concentration Features 
Tcf = 15%; much higher birefringence around larger inclusions. 
IV. Amorphous Concentration Features 
Acf = 5%; some small, impregnative nodules 
 
 
CS-5B
 
Taken on 22 July 2005. 
 
Location of sample: New River, 2 miles west of site core.  GPS coordinates – 
 16  Q   0338639 
  2006985   (UTM) 
 Lots of organic matter, riverside bank. 
Description of clay: dark brown, very organic, similar in forming attributes as CS-3 but 

slightly more plastic. 
 
Firing temperature: 900 degrees Celsius. 
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Changes incurred during firing: slightly redder than CS-5A, and lighter.  Cracks present, as the 

texture has become almost crumbly. 
 
Thin Section Description: 
I. Microstructure: (a) Voids – all different sizes, some very large; no calcite reaction rims, 

likely result from air pockets. (b) Porphyric-related distribution is double-spaced for both 
fractions. 

II. Groundmass  
 (a) Normally a deep red color, sample is lighter brown around the edges and around large 

voids.  Thin section may have quality issues (i.e., may be too thick).  
(b) Micromass: optically slightly active in lighter brown areas, optically inactive in normal 
areas; slightly granostriated b-fabric. Color: PPL – Exterior: 7.5 YR 4/6 strong brown; 
Core: 2.5 YR 3/6 dark red.  XPL – Exterior:7.5 YR 4/4 brown; Core: 2.5 YR 3/6 dark red. 
(c) Inclusions: c:f ratio (area) = 60:40 .  Texture: mode = 0.2 mm; range = 0.02 to 0.38 mm 
(quartz) or 0.1 to 0.55 (micrite); good sorting; poor to moderate sphericity. 
Composition 
      Coarse Inclusions 

Predominant: QUARTZ – angular, high relief, though weathering or alteration 
often present. 
Few: CALCITE – micrite and micritic clots of varying sizes, dark gray, generally 
equant well-rounded ovals – brown in PPL. 

       Fine Inclusions 
  Predominant: QUARTZ  

Very Rare – 2 examples of unidentified mineral, small, high relief with 2nd order 
interference colors – angular and trapezoidal.  Hydroxyl-rich uniaxial positive 
vesuvianite? 

III. Textural Concentration Features 
Tcf = 0% 
IV. Amorphous Concentration Features 
Acf = 0% 
 
 
CS-6A
 
Taken on 22 July 2005 
 
Location of sample: along road running through Long Swamp, approximately 1 mile east of 

San Estevan site core. GPS Coordiantes: 
 16  Q  0340604 
  2005472   (UTM) 
 Under several centimeters of organic forest layer; very wet, not particularly sticky or 

plastic. 
 
Description of clay: dark brown, very organic, somewhat silty; breaks into lumps easily.  High 

amount of inclusions, mostly organic. 
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Firing temperature: 700 degrees Celsius. 
 
Changes incurred during firing: significant cracking.  Much lighter in color, more tan/red. 

Shrunk slightly in mass, significantly in weight.  Black splotches on interior present here 
as well as CS-5A. 

 
Thin Section Description: 
I. Microstructure: (a) Porphyric-related distribution is open-spaced for both fractions. 
II. Groundmass 
 (a) Homogenous except for blackened areas due to firing irregularities.  

(b) Micromass: optically somewhat active; stipple speckled b-fabric.  Color: PPL – 10YR 
8/8 yellow, mottled to 10YR 5/ yellowish brown in some areas.  XPL – 2.5 Y 4/3 olive 
brown; birefringence is 10YR 7/8. 
(c) Inclusions: c:f ratio (area) = 75: 25.  Texture: mode = 0.05 mm; range = 0.02 to 0.42 
mm; very good sorting; subround, with poor to moderate sphericity. 
Composition 
      Coarse Inclusions 

Predominant: QUARTZ – fractured, weathered, altering. 
Very Few: CALCITE – micritic clots, usually diffuse borders, stand out only 
because of color. 

       Fine Inclusions 
  Predominant: QUARTZ – is only mineral that occurs in fine fraction. 

III. Textural Concentration Features 
Tcf = 10%-15%; in organic black patchs, shell fragments and other organic calcite inclusions 

occur in greater quantities and concentrations than outside 
IV. Amorphous Concentration Features 
Acf = 8%; reddish impregnative nodules 
 
 
 
CS-6B
 
Taken on 22 July 2005 
 
Location of sample: along road running through Long Swamp, approximately 1 mile east of 

San Estevan site core. GPS Coordiantes: 
 16  Q  0340604 
  2005472   (UTM) 
 Under several centimeters of organic forest layer; very wet, not particularly sticky or 

plastic. 
 
Description of clay: dark brown, very organic, somewhat silty; breaks into lumps easily.  High 

amount of inclusions, mostly organic. Kind of gritty. 
 
Firing temperature: 900 degrees Celsius. 
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Changes incurred during firing: became redder than any other sample, from dark black to pure 

red.  Oxidation resulted in serious cracking.  Sample broke prior to firing, indicating the 
clay may not be optimum for forming vessels.  

 
Thin Section Description: 
I. Microstructure: (a) Porphyric-related distribution is open-spaced for both fractions. 
II. Groundmass 
 (a) Homogenous except for blackened areas due to firing irregularities.  

(b) Micromass: optically inactive.  Color: PPL - 2.5 YR 3/6 dark red.  XPL – 2.5 YR 3/6 
dark red. 
(c) Inclusions: c:f ratio (area) = 75: 25.  Texture: mode = 0.05 mm; range = 0.02 to 0.42 
mm; very good sorting; subround, with poor to moderate sphericity. 
Composition 
      Coarse Inclusions 

Predominant: QUARTZ – fractured, weathered, altering. 
Few: CALCITE – micritic clots, rounded, diffuse borders, dark gray, internal 
structures occasionally still visible. 

       Fine Inclusions 
  Predominant: QUARTZ – is only mineral that occurs in fine fraction. 

III. Textural Concentration Features 
Tcf = 0% 
IV. Amorphous Concentration Features 
Acf = 0% 
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APPENDIX C: TEXTURAL ANALYSIS USING  
“IMAGE-PRO PLUS” SOFTWARE 

 
  The following procedure is a step-by-step outline of conducting an accurate, area- and 

diameter-based textural analysis on a thin section sample.  Given a photo of a representative area 

on the thin section, the “Image-Pro Plus” software (Media Cybernetics, Inc. 2002) can quickly and 

accurately ascertain the percentage of fabric, void and inclusion in a sample, the coarse:fine ratio 

in both area and number, range of inclusion size, mode, and several other measurements if desired.  

Although very useful for this study, it has its limitations.  The software differentiates between 

objects based on color, and the steps below are designed to exploit this by creating as many bright 

objects as possible, particularly in Plane-polarized light.  However, it does not do a very good job 

of identifying colored minerals or minerals in extinction (in XPL).  While the occasional mineral 

can be identified and selected manually, large amounts of colored minerals (particularly a variety 

of differently colored minerals) may render this procedure inefficient.  But for ceramic samples 

high in colorless mineral inclusions, such as calcite or quartz, the “Image-Pro Plus” software can 

be very helpful. 

 
Steps for Textural Analysis 
 
1) Find representative area on thin section 
 
2) After previewing the shot (use higher exposure than would normally to enhance brightness of 
inclusions), Snap the picture. 
 
3) Click on “Count/Size” in Measurements drop-down menu. 
 
4) Click “Automatic Bright Objects” 
 
5) Select “area” and “diameter (max)” from “Select Measurements” 
*Make sure the “select spatial” setting under “Calibration” is set to the correct magnification* 
 
6) Click “count” and use the “draw/merge” function if necessary to highlight inclusions 
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7) Click “Auto-Classification” – use 2 classes 
 
8) Go to “single-variable class” – set middle one for 62.5 microns (sand/silt barrier) and set the 
measurement to “diameter” and not “area”  
 
9) Under classification - % Objects, % Area – will give you c:f ratio 
 
10) On Count/Size menu – divide “In Range” by “Total Count” to give you the percentage of 
inclusions to mass/voids in sample 
 
11) Switch to diameter for mode, median, range and shape (and other features): go back to 
“Single-variable class” and change the setting to “diameter (max).” Set the middle one for 50 
(0.05 mm). Now look ONLY at the larger class for the necessary info – it will set the minimum for 
.05 mm.  For the max range, you will have to scan sample for largest inclusion and measure 
manually.  You will also have to describe shape and other features – don’t forget! 
 
12) For mode, set “Auto-Classification” to many objects – pick the class(es) with the highest 
percentage of inclusions in that class. 
 
13) For voids – select “manual” instead of “automatic bright objects” and pick the color of the 
void.  Under “single-variable class” make the middle one 1000, and again, only look at the larger 
one.  Divide total area by 1,447,680 to get the percentage area of voids.  That’s all you really need. 
*Caution: make sure highest value under “single-variable class” is set to a higher value than the 
largest void!* 
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